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Storage Failure
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It is recommended that additional investigation of the g-sensitivity
effects be performed when the requirements of the MPES program are defined.
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EXECUTIVE SUMMARY

This report covers work accomplished under contract DAAK4O-79-D-0017-
006, "Performance Verification of the Superjet Angular Rate Sensor," for
potential application on the Maximum Performance Escape System (MPES) Pro-
gram. Three Hamilton Standard Superjet Angular Rate Sensors (9304100-099)
were subjected to a test program.

The performance data collected from this test can be summarized as

follows:

PERFORMANCE

Full Scale Rate At 12% Linearity
Scale Factor

Null Bias (calculated)
Hysteresis

Threshold

Resolution

Readytime

Drift

Null Offset (measured)
G-Sensitivity

High Temperature Tested
Low Temperature Tested
Sensitivity to Jerk
Acoustic Sensitivity
Vibration Sensitivity

500 £100 deg/sec

.0062 ¥.0002 deg/sec

t2 deg/sec

0.6 deg/sec

<0.1 deg/sec

<0.1 deg/sec

80 milliseconds maximum
+0.76 deg/sec/min

12 deg/sec

1.68 deg/sec/g/maximum
+165°F

~30°F

Negligible

Negligible

t2 deg/sec at approx. 2,000 Hz

Additional information obtained regarding the three units tested as

follows:

Null Bias Drift @ 72°F
Reliability
Storage Failure
Operating Failure
Weight
Volume

.166 deg/sec over 15 minute period

<,.9906
<,.9999995

12.0 ounces

1.5 x 3.5 x 5.0

It is recommended that additional invegtigation of the g-sensitivity
effects be performed when the requirements of the MPES program are defined.
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&/ ’ 1.0 INTRODUCTION

The need exists for small rugged rate sensors applicable to the Navy's
-ﬂﬂaximum Performance Escape System"%' A recent study indicated that a prime
candidate for this system is the J"éuperjet:“’rate sensor used on the U.S.
Army Copperhead Program:ka’

The Superjet performance verification contract DAAK 40-79-D-0017/006 was
initiated on September 79 by the U.S. Army Missile Command, Redstone Arsenal,
Alabama. The program #s under the technical direction of the Naval Air Develop-
ment Center (NADC), rcraft and Crew Systems Technology Directorate, Warmin-
ister, PA. Mr. L. McGiboney is the cognizant Project Engineer for this
program. ’

v

The purpose of this performance verification task is to determine through
test and analyses the suitability of the Hamilton-Standard Superjet angular
rate sensor for the possible application in NADC's Maximum Performance Escape
System (MPES) program.

For NADC to makefgéat determination, a test plan (Appendix B) was
submitted and approved.‘' The results of the tests are presented in this
report.

In addition, technical tasks described in the statement of work 60134-12,
Paragraph 3.2, are discussed in the text. These tasks include operational mode,
{4 second or 15 minute performance duration), reliability, maintainability, weight
and volume.

1 Reference: Fluidic Gyro Development, Martin Marietta OR15,646 prepared
under contract N0O0019-78-C-0298. Prepared for:

Department of the Navy
Naval Air Systems Command
Advanced Technology Section
AIR-5162C

Washington, DC 20360
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2.0 DESIGN AND ANALYSIS

2.1 Design
2.1.1 Description

The Superjet rate sensor is manufactured by Hamilton Standard, Farming-
ton, Connecticut, Part Number 9304100-099. The package includes a pump which
directs a stream of helium between two resistive elements. The change in
cooling of these elements by the gas stream is sensed to indicate angular
rate. The package also includes the required electronics (analog type); so
all that is required is a 15 V.D.C. power supply and a voltmeter. Output
of the device is +6 V.D.C.

The three Superjet rate sensors used during this evaluation were serial
numbers 0100355, 0100373, and 0100381, which will be referred to as serial
numbers 355, 373, and 381, respectively. A drawing describing the Superjet
package is shown in Figure B.2-1, Appendix A, Part B of this report.

A cross section of the Superjet sensor is shown in Figure 2,1-1.

The Copperhead program roll rate sensor specification may be found in
Martin Marietta document SPC10200000-004.

The vendor specifications for Superjet are listed in Table 2.1-I.

2.1.2 Concept

The principle of operation of the Superjet may be most readily visualized
by referring to Figure 2.1-2, As illustrated in this figure, a laminar flow
gas jet flows with an average velocity Vj, from a nozzle located at one end of
the case. A jet position sensor, located a distance, L, from the nozzle mouth
is used to detect any lateral deflection, y, of the gas jet from the center
position. In the presence of an angular rate YI, along the input axis of the
case, the jet will be deflected away from its normal center position in propor-
tion to the magnitude of the rate, and in a direction corresponding to the
clockwise or counterclockwise direction of the angular rate. The amount of
this deflection may be calculated by double integration of the Coriolis
acceleration of the jet as it flows toward the jet position sensor:

y = 2wy Vy Eg ()
y = 2u; va Eq (2)
- 2
y = w VjT Eq (3)
At the position sensor:
= 2- - 2 I+
y = VjT wy LT “I%' Eq (4)
where L = V.T ]

3
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Thus, it can be seen from the above equation that the gas jet deflects in
proportion to the input angular rate perpendicular to the axis of the jet.
Moreover, the deflection is proportional to the product of the length of the
Jet, L, and the transit time of the jet, T, or to the length squared divided
by the jet velocity. The above computation is based on small angle approx-
imations which can be shown to be valid for actual Superjet design parameters.

Constant translational velocities of the sensor in any direction do not
cause jet deflections relative to the jet position sensor. Translational
acceleration is claimed also not to introduce any first order error since
the laminar gas flow jet is essentially buoyantly supported within the free
gas space. Acceleration does produce density gradients, however, which may
cause second order errors. These, however, are claimed to be an order of
magnitude smaller than comparable errors for equivalent mechanical gyros.

In order to maintain gas jet stability and produce a low noise signal,
the jet must be kept within the laminar flow regime. This is achieved by
limiting the the Reynolds number to a value below 1,000. Laminar flow is
most readily produced with a gas having a low density and high viscosity
since Reynolds number is proportional to density and inversely proportional
to the viscosity of the gas. Also, from the standpoint of obtaining maximum
frequency response, it is desirable to have the gas jet velocity as high as
possible consistent with laminar flow criteria., Conversely, it should be
recalled from the previous equations that lateral deflection is inversely
proportional to the velocity. Thus, the selected design velocity represents
a compromise between frequncy response and sensitivity.

Conversion of the jet deflection into an electrical signal proportional
to the input rate is accomplished by symmetrically mounting two temperature
sensitive resis:tors on either side of the jet stream and connecting them by
means of a bridge circuit. As the jet deflects to the left or right, the
differential cooling of the temperature sensitive resistors produces an out-
put voltage that varies linearly with input rate, over a limited range of
angular rate input.

2,2 Operational Mode

The accuracy of the roll rate sensors does not change under any of the two
MPES scenarios considered.

2.2.1 Four Second Scenario

The Superjet rate sensor is best suited for this scenario. There is
virtually no shift in the null bias for this short time frame. It is known,
however, that the electronics of the Superjet package is not temperature
compensated beyond a range of -25° to +145°F.

2.2,2 Fifteen Minute Scenario
The null bias at 72°F +5°F has a shift of about 1 mv over a 15 minute
period which is equivalent to .166 degrees per second rate, which was indi-

cated by observing the units throughout the test program. Drift test data
are reported for one mintue periods, in Sections 3.1, 3.3, 3.4, 3.6 and 3.7.

11
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2.3 Reliability

The only moving mechanical part in the Superjet Angular Rate Sensor is
the vibrating pump diaphragm. This diaphragm consists of a ceramic piezo-
electric crystal which is flexibly mounted around its periphery and has
electrically excited faces perpendicular to the mounting plane. Stress levels
induced under normal operating amplitude conditions are approximately 17
percent of rated fatigue strength. As a result, the crystal may vibrate
indefinitely without limiting the life of the sensor.

Life tests on five experimental models have exceeded 34,000 hours each
or a cumulative total of over 170,000 hours without failure. The complete
absence of wear limited components in both the jet sensor and the electronics
has made it possbile to attain a virtuvally unlimited unit life.

The environmental resistance of the sensor assembly has been analysed
for a broad spectrum of vibration, shock and acceleration dynamic conditions.

The Superjet Angular Rate Sensor is exceptionally tolerant to angular
rate overranging. This is a consequence of the fact that overranging does
not produce an internal mechanical force on stops, gimbal suspensions, or
spin bearings as in conventional rate gyroscopes. Thus, the unit will re-
cover from any degree of overranging without degradation of performance.

Electronic oscillator driver and bridge output amplifier circuits are
extremely simple. Failure rates for these components were derived from MIL-
HDBK-217A, using 71°C ambient temperature and environmental stress factors
for manned aircraft. The predicted failure rate of the complete circuitry
totals four failures per million hours, or an equivalent MTBF of 250,000 hours.
This gives an operating probability of success 0.999996.

The "Superjet' roll rate sensor is currently used on the "Copperhead"”
program which is a cannon launched guided projectile. Early reliability
predictions on Copperhead, for the roll rate sensor, produce the following
probability of success:

Storage Failure <.9906
Operating Failure <.9999995

This was based on the reliability math model as shown in Figure 2.3-1,
(Reference: Copperhead (CLGP) Reliability (RAM-D) Report, Eleventh Bimonthly,
CK1 SRP 00801000-011, Figure 1, Page 151).

2,4 Maintainability

The Superjet rate sensor is a hermetically sealed unit fabricated by
Hamilton Standard. There are no outside moving parts and there is no main-
tenance requirement. If there is a malfunction, on the Copperhead program,
the sensor is replaced, and sent back to the manufacturer for refurbishment.

2,5 Weight and Volume .

The total weight of the Superjet package is 12.0 ounces and the total
volume does not exceed 1.5" x 3.5" x 5". Figure 2.5-1 shows the outline of
the sensor package.

PRSI A
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NADC 80081-60

SUPERJET RATE SENSOR SPECIFICATION

HAMILTON STANDARD

Weight of jet: 3.8 oz

Weight of total package: 12.0 oz
4

Input voltage: +15V at 80 mA
=15V at 7 mA

Rate range: 500 deg/s

Scale factor: Rate - 6 mV/deg/s

Angle - 120 mV/deg

Null stability - 40.6 deg/s (when bias is
(absolute, environment) stored during
rates)

Scale factor - 15%
(absolute, linearity, enviromment, and symmetry)

Linear acceleration
sensitivity: 0.02 deg/s/g

Frequency response: >40 Hz
Input axis aligmment: <) degree

Environmental capacity: Temperature: -25°F to 41550F
Vibration: 7.6g rms
Shock: 10,000g

TABLE 2.1-1




NADC 80081-60

*(I1 PIL 99S) ¢-0T X 99¢06 *¢

TIAOW HIVW ALITIIVITIY AVIHYIALO0D ¢

1-£°2 MNo1a

*66666 ° = widuaydeig duind pue 2anonng 10 Hrpiqeol
*(wySty aSuraprw) sanoy GY10°Q = Sureaad( uoryeang S

= (sjuoword jwopuado@ sWILL) sxopon V Surpnioul MY aunn:g Suneaodo

*0°000T = 1030t ruswuoaiauy urity

(81 oSucapru) sanoy 1100 *0 == Sunuraado-uoN uorjean( WInd
*0°T = J07o%] [CIUdWIUoITAUS] SuTiTem

*sanoy L910 °0 = uoljean( Sunrem

°0°C - dojou] [PUIWUOIIAUY Butpeo]

*s.noy ¢¢00°0 = uoneang Surprol

°0 °S = J079r] jUdWIUOIIAUY Judurfojdad

*(sanoy 9¢ = Nav uonyean( juaurfopdaq

*0°1 = X030%d [ejuowruoIIAUT 28ex01S

‘wnuwxew (98e103s peaarod sIeak 1) sanoy 009 ‘LS = uoljeang adexols

*(1 ayqelL 298) L=0T X 1690°T = (sjuowrd1d juspuoda(d awrl) 9jeY aanqre] 93ex03s 1o Suneaado-uoN

*gz81L °2 = suryirreSo] ueraardeN Jo [eanjeN loj aseqd

*SjoYys SUO OU SUTCIU0D J0SUdS TY TIOY Y], ‘“suawr

-oambaax reuonoury [re Jo Surysay oowreydacoe %001 Jo arqedes Suteq Josuds ojeY ([0 aY3 U0 Paseq (6666 °0 =

*105U0S 99LM T[0Y BUO JO LHIIqEMOY PRIOIPRIL Jo pardedxd
O» Oy +

¢t 3 O+ M 0 %o+ T E OV« Go GO0+ S B OV o xS x0Ty = ¥g

vonruolod

0°L

W37
Surnrcaou)

0°9

Suprem IsalL

uo&ﬁﬂﬂh pue ) h%_mm.ﬁ afeaos sourydosoy
0 uoN Surpror] ded Axopel
0°c 0"y o'gl ! 0°2 01




NADC 80081-60

8 —

s i e X e WA i et

T—_ﬁ

e

JEC - /68
TSP ACES

-X
l -“+-—-—-..
ILI +X
s 690
| &3¢
-Y
2
- 1 -
MOUNTING X
SURFACE -2
FIGURE 2.5-1

SUPERJET RATE SENSOR

17

© e e m——— ——; e e =

o

—rr



NADC 80081-60

3.0 PERFORMANCE TESTS

Three Superjet roll rate sensors were subjected to a series of baseline
tests consisting of the following: .

input voltage (volts)

input current (amps) .
full scale range at 2% linearity (degrees/seconds)

hysteresis (millivolts)

threshold (degrees/seconds)

resolution (degrees/seconds)

output drift (degrees/seconds)

ready time (seconds)

null offset (add after initial baseline testing) (millivolts)

The sensors were then monitored for various envirommental factors which
included the following:

Sensitivity to acceleration (degrees/second/G)
Temperature sensitivity at +165°F

Temperature sensitivity at ~30°F

Sensitivity to jerk (&)

Acoustic sensitivity

Vibration environment

A majority of the performance testing was conducted in Martin Marietta's .
Precision Inertial Laboratory. The acoustic and vibration environments were
generated in the Environmental Test Lab of the Orlando Division. Barometric
pressure was 30.00 ¥ .08 in Hg throughout the test program. .

A Hewlett Packard 9500 test set was used in the Inertial Lab, to pro-
gram the Genisco 1100-2 rate table. The rate table was wired to the computer
such that all power input to the Superjet test unit occurred simultaneously.
This allowed the Superjet sensor to experience the actual procedure involved
during a real ejection situation.

3.1 Baseline Tests

3.1.1 Test Setup and Procedure

Three "Superjet" rate sensor packages were tested in the Precision
Inertial Laboratory on the Genisco series 1100-2 rate table. This rate table
is programmable by paper tape reader or automatic test set for automatic
operation. Speed accuracy is 0.01%; the table servo has a peak torque of 22
ft.-1bs.

The Hewlett Packard 9500A-145 test set was used to program the rate table.
The test set includes a Hewlett Packard HP2116C computer controlling two 50-
volt and two 100-VDC programmable power supplies as well as five non-programmable
20-ampere, 40 VDC power supplies controlling a programmable counter, oscilloscope,
a volt-ohm meter and a modular switch for control of these devices.

alavii gt 2
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Each test unit was centrally located on the rate table by using a standard
8"x8"x8" test cube in the lab. The input axis of the sensor coincided with the
rotation axis of the rate table.

The computer in the test set was programmed to increment the rate table
(usually in 50 degree/second increments) to the maximum counterclockwise rate
and back through zero to the maximum clockwise rate and back to zero rate.

The actual rate and output of the sensor was recorded at each rate increment.
Each data point represented an average of 40 readings taken within approximately
1.6 seconds or less. The maximum rate was varied by 50 degrees/second intervals
until the non-linearity exceeded +2% of full scale, as calculated using

a least-squares-fit straight line.

The output drift of each unit was measured on the rate table with the
computer programmed to give a readytime plot, wait 15 seconds and take an
average of 40 readings of the output, and repeat for a one minute time period,
at 15 second intervals. This was done for rates of 100, 200, 300, 400 and 500
degrees/second. -

Threshold and resolution was derived by rotating the rate table from 0.0
degrees/second to 1.0 degrees/second in 0.1 degree/second increments. And 5.0
degrees/second to 6.0 degrees/second in 0.1 degree/second increments, respectively.

A test schematic for the baseline test is shown in Appendix A, Figure A.2-1
of this report. :

The test program was conducted under the guidance of the Test Plan (see
Appendix B) prepared by Jerome C. Salmons, November 1979 which was approved by
NADC on January 11, 1980. A detailed procedure for the baseline tests is
shown in Appendix A, Part A of this report.

The algorithm used for calculating the least-squares-fit data and output
drift may be found in Appendix C.

3.1.2 Baseline Test Results

The scale factor was computed as the slope of the least-squares-fit
straight line. Percentage error from both fullscale and "ideal" (actual read-
ing) was calculated for each data point.

The full scale rate of the sensor was determined by the *ax linearity
error requirement. Hysteresis values for clockwise and counterclockwise rates
were calculated. The bias shown on the data sheets was determined as the
Y-intercept of the least-squares-fit straight line.

A typical plot of voltage output vs. rate is shown in Figure 3.1.2-1 for
S/N 355. Since the hysteresis error is so small (.002% of full scale) the
plot is a straight line. This figure was transposed from Table 3.1.2-1. The
scale factor program printouts are shown for all three serial numbers in
Tables 3.1.2-1 through 3.1.2-VI.
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The first column in this table is the actual rate of the rate table as
recorded by the computer with an accuracy within .01%. The second column is
the average of 40 readings taken while dwelling at a known rate. The third
column is the calculated value of the output using the curve fitting techni-
que of the least squares fit straight line. The fourth column is the error
of the particular data point as percentage of the full scale rate (from the
least squares fit straight line). The fifth column is the error of each
data point as a percentage of the corresponding output from the least squares
fit straight line. A test summary is provided at the bottom of each table
for individual evaluation.

Tables 3.1.2-VII through 3.1.2-IX show the results of the output drift.
The first reading for each rate input is the output value after 15 seconds.
The next reading is the value after 30 seconds. The third and fourth read-
ings are the values for 45 and 60 seconds respectively. The third column is
the mean divided by the actual rate. This was used to evaluate the drift
since there were small changes in rates.

A typical readytime plot is shown in Figure 3.1.2-2. Readytime is
defined as the time required for the device to reach 95% of its steadystate
output without any electronic warmup, at any rate.

Threshold and resolution for the "Superjet" rate sensor was found to be
less than 0.1 degrees/second. The actual value was not obtained due to the
limited accuracy of the equipment used. It is believed that for the maximum
performance escape system, a threshold and resolution of 0.1 degree second

for this device will not impair the expected system performance significantly.

The specification made by the Copperhead program at Martin Marietta 'called
for Superjet threshold and resolution to be 0,03 degree/second maximum,

3.1.3 Data Evaluation

Baseline test data for the three Superjet rate sensor packages tested
produces the following worst case evaluation:

1. Full scale rate at +27% linearity 475 +75 degrees/second

2. Scale Factor .0061 +.0001 V/degrees/second
3. Bias +.26 degrees/second

4, Hysteresis +.56 degrees/second

5. Threshold <,1 degrees/second

6. Resolution <.l degrees/second

7. Readytime .068 second maximum

8. Drift +.55 degrees/second/minute max.

The values for each unit may be evaluated from Table 3.1.3-1 (bascline
test data) and Table 3.1.3-II (baseline drift and readytime test data).
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RATE SENSOR TEST PROGRAM NADC 80081-60
pATE... 271880 ... Run, Initial Baseline
-
TmP"‘ZZOQFOQOOSQ();zg}z. SER#...:’OSQSIOIOOQO "
L 3 4
RATE J OUT vV CALC 7 FS 7 IDEAL |+
(DECG/SEC) (VDC) (VDC) if
-49.989  ,2953 3057 342 -3,418 i 4
-99,8422 ,5898 .609 628 -3.147 b
149,639 .8873 J9119 .81 -2.706 4
* =199,549 11,1873 1.2155 .929 -2.328 i
-249,455 11,4913 1.5191 .915 -1.834 d
-299,286 |,7996 1.8223 .746 -1.246 ;
-349,236 2.1134 2,1261 .418 -.598
-399,208 2,4332 2,4289 -.143 179 g
-448,893 2,7598 2.7324 -.991 1.003 ' ¥
-498,.808 3,093 3.236 -1.872 1.876 N
-448.988 2,7613 2,133 -.93 1.236 ;
-399,832 2,4354 2,4291 -.21 .263 ;
-349.182 2,1163 2,1258 312 -.447 3
-299,329 | ,.8025 1.8225 .645 -1.877 5
-249.395 1.4945 1.5188 L7196 -1.,596 Hf
-199,499 1,196 1.2152 L8088 -2,025 '
-149.6% ,8986 .9122 LT11 -2.375 :
-99,7762 ,5929 .6286 513 -2.573
-49,9797 .2975 3356 268 -2,683
. 49,8369 - .,2926 -.3316 -.297 -2,933 1
L * 99,7395 -,588!) -, 605 -.557 -2.797 -
) 1459.53% -.8862 - .9984 -.131 ~2.445 '
199.43 -101863 -102l16 '0854 -2069? s
249,302 -1.4899 -1,5152 - ,83 -1.664
299.192 -1.7976 -1.8185 =-.687 -1.147 |
345.056 =2.11 -2.1219  -,39 -.562 r
398.962 -2,4282 -2,4255 091 114 !
448,814 =2,7528  =2,7287 .75 .882 ;
498,677 -3,2835 =3,0321 1.691 1.696
448,862 -2,7533 -2,729 . 799 .89
398,921 -2,4291 -2.,4252 126 .158
349.287 -2.1114 -2,1221 =.35 -.501
299,178 -1.7988 ~-1,.8184 ~-,645 -1,078
249,374 -1,4914 -1,5155 =.792 -1,587
199.45% -1,188 -1.2118 -.784 -1,966
149,545 - ,888 - ,9082 -,663 -2,216
99,7278 ~-,59@3 - .635 - .483 -2.421 )
49,8523  -,2944 -.3017 -.24 -2,409

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 500
SCALE FACTOR (V/DEG/SEC): -6.83342E-03
BIAS (VOLTS) : 1.57557€-03
HYSTERESIS, NEG RATES (VDC): -3 ,37982E-83 | ,
. HYSTERESIS, POS RATES (VDC): 2.23863E-83 , - //,, / ///
r / r
TEST ENGINEERZ 7&%.4ﬁ.4¥. o
7 2ayso tf/

i e

; : READY

TABLE 3.1.2-1




RATE SENSOR TEST PROGRAM NADC 8008160
DATE... A 38:80..... RUN Jeitial, Basedipe
Tm‘ -?2??‘ *e .5’0;%“. . SE R‘ *w ..3.5.5. sOeP B0 *
RATE vV OUT V CALC 2 FS 7 IDEAL a
(DEG/SEC)Y (VDC) (VDC)
-49,9388 .2951 3073 362 =3.984
’99&8574 .5896 .6‘24 .68 -30-’48
-149.,648 .8863 «9168 .508 -3.339
* =-199,549 11,1858 1.2219 1.872 -2.953
-249.487 1.4898 1.5271 1.1} ~2.447
-299.,272 1.7978 1.8315 1.001 -1.84
=349,167 2,.1117 2,1365 . 138 -1.162
-399.,337 2.4313 2.4413 299 -.412
-448,851 2,757 2,7459 -34 «Al6
-548,737 3.42993 3.35652 -2,183 2,188
-498.766 3.0918 3.051 -1,213 1,338
«448,95 2.7598 2,7465 ~-.358 <488
=399.057 2.4343 2,4415 212 =~.292
=349,147 2.115 2.1364 «635 -1
-299.2%96 1.8017 1.8316 .889 -1.634
-249.444 11,4938 1.5269 «984 ~2.171
-199.,492 1.19 1,2215 .938 ~-2.587
-149.678 ,8899 917 -804 ~2.956
-99,.8151 .5927 6122 581 ~3.199
-49,9625 ,2971 3074 «305 ~3.362 *
49,8529 -.2924 -.3028 =389 ~3.41
99.7061 -.5876 - .6075 =591 ~3.26
149,584 -.885 ~-.9124 -.815 ~2.998 .
199.444 ~1.1847 ~-1.2172 -.968 ~2.669
249,349 -1.4881 ~1.5223 -1,818 =2.245
* 299,215 -1.7952 ~1.8271 =949 -1,745
349,153 ~2,18176 ~2.1324 -.138 -1.162
398,94 ~2.,4257 ~2,.,43688 -.328 -.452
448,792 ~2.7502 ~2.7415 «259 318
498,706 ~-3.0811 ~3.,0466 1.826 1,131
548.615 -3,41805 <-3,35169 1,974 1.979
498,693 ~3.0821 -3.8466 1.858 1.167
448,853 ~2,751% -2.,7419 298 «365
398.968 ~2,4279 ~2,4369 -.268 =37
349.126 ~2.1103 -2,1322 -.652 -1.827
299.217 ~1,7979 -1.8271 =.B6S -1.596
249,349 ~1.,4906 -1.5223 -.942 -2.079
199,481 -1.1872 -1.2175 =-.899% =2.478 :
149,578 ~.8876 =.9124 -,739 -2,716
99.68536 ~.5902 -.6072 ~.504 -2.784
49.8472 ~ 2943 - 3027 ~.25]) -2.766

TEST SUMMARY
FULL SCALE RATE (DEG/SEC)>: 5508

SCALE FACTOR (V/DEG/SEC): -6.11309E-03 .
BIAS (VOLTS) : I,9BB95E-03
HYSTERESIS, NEG RATES (VDC): -4.12464E-05 /
HYSTERESIS, POS RATES (VDC): 2.72226£-83 ,° [ '/ / ]
TABLE 3.1.2-11 TesT EnoINEERwrs 28 A4 (4.,

READY Iy 80
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RATE SENSOR TEST PROGRAM NADC 80081-60 }
DATE..218°80,.,... RUN,Inifal Baseline 5
* wewp... J20F ., SOWRH, SER#..313euunn. |
-
¢ RATE vV ouT V CALC 7 FS 7 IDEAL L
¢DEG/SEC) (VDC) (vDC) :
«49,9477 .2545 .3258 .46l -3.69 ;
~99,766  ,5947 6122 112 -2.853 .
* =~149.737 .8985 .9196 .856 -2.288 t
~199.612 1.2061 1.2263 .823 -1,65 |
-249.448 1.51% 1.532¢ .563 -.524 L
3 ~299,355 1.8379 1.8398 .378 -.1085 3
~349,235 2,164 2,1466 -.711 .815 3
~399,093 2,4978 2,4532 -1.814 1.818 4
349,206 2,.1648 2.1464 -.748 «857 4
3 ~299.35  1.8391 [.8398 .827 -.036 3
~249.453 1.5286 1.5329 .50l -.803 4
~199.555 1,207 1.226 .134 -1.471 ¥
-149.71  .5006 .9194 . 765 -2.844 i
~99.8484 .5966 .6127 .656 -2.63 .
~49,9325 ,2957 .3058 .41 -3.28 1
49,8582 -,3834 -.308 -.187 -1.5 -
99,7501 -.6034 ~.6149 -,467 -1.8713 i
* 149,591 ~,9055 -.9214 -.645 -1.725 '

199,483  -1.2111 ~-1,2282 ~-.696 ~1.395

. 249,359 ~1.521 -1.535 - 568 -.912
299,221  ~1.8359 ~1,8417 =-,233 ~.312 p
349,141 -2,1575 =2.1487  .359 .411 5
399,028 -2,4857 =-2.4555 1,226 1.229 5
349.109 -2.158) -2.1485 .39 446 34
299,222 -1,8371 ~-1,8417 =-,188 -.251 g

249,374 -1.5221 -1.5351 -.53 -85

199,539 -1,2126 =-1,2286 =,652 ~1,307 X
149,561 -.9874 -.9212 -.563 -1.585 ;
99,7179 -.6047 -.6147 Y. -1.628 .
49,8778 -.,3843 -.,3081 -.154 -1.234 3

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 4008
SCALE FACTOR (V/DEG/SEC): -6.15037E-03
BIAS (VOLTS) ¢ ~1.35452E-33
HYSTERESIS, NEG RATES (VDC): -2,08856E-83
HYSTERESIS, POS RATES (VDC): {,84214E-03 /.

TEST ENGINEE ”..:/ 2
READY /r £0

TABLE 3.1.2-I11




READY

RATE SENSOR TEST PROGRAM

DATE. .2:01.8:800. oo 0000

RATE
(DEG/SEC)

-49,9698
* =99,8506
-149,648
=199,546
-249,.431
-299,318
-349,196
~399,835
-448,954
-399,198
-349.235
~299.368
~249.512
-199,587
<149,759
~99.8219
~49,.9438
49.8885
99,7585
149,572
* 199,422
249,369
299,209
349,117
398,963
448,943
399,005
Ja9.112
299.219
249,379
199.412
149,654
99,7332
49.8699

SCALE FACTOR (V/DEG/SEC):
BIAS (VOLTS) : 1.14196E~24

HYSTERESIS, NEG RATES (VDC):
HYSTERESIS, POS RATES (VDC):

S0%RH

vV out
(vDe)

«2946
«5953
«8998
1.2078
1.5213
1.8496
2.1668
2.5806
2.8432
2.5015
2.1677
1.8417
1.5225
1.2095
<9017
59175
<2961
-.3835
-.6037
-09061
-1.2117
-1.5219
-1.8371
-2.158%
-2.,4875
-2.8236
-2.,488
~2.16
~1.8384
-1.5232
-1.2134
-.9878
-.604%
=-.3044

RUN,

Inital Baseline

CROE R IR N

SER#...33. 0.0,

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 458

V CALC 2 Fs
(VDC)
3096 338
.6187 «.837
<9272 .98
1.2363 1.022
1.5453 .861
1.8543 «492
2.1633 -.124
2.4721 -1,024
2.7813 =2,22
2.4725 ~-1,041
2.1635 -5
1.8546 +464
1.5458 .834
1.2365 « 969
9278 939
6185 « 154
«3095 <482
=.3089 ~.194
-.6179 -.539
= +9265 -.728
~1.2353 - +845
~1.5447 -.817
-1.8534 =-.585
-2.1626 -.135
~2.4714 577
-2.781 1.529
=2.4717 «587
~2.,1626 - .092
-1.,8535 - e542
~1.5447 ~.7173
-102352 -.785
-.927 - .688
-.6177 - .458
-.3088 -.158
~6.19478E-23

24

~2.13492E-03
1.65558E-23 //

TEST ENGI m:np.,. (7?/‘ i J4.4.l./

TABLE 3.1.2-1V

% IDEAL

~4.845
=3.771
-2c948
~2.305
'10554
~.74
.16
1.154
2.225
1.173
193
~.697
-l.5$4
-2.186
-2.822
-3.398
=4,339
~-1.746
‘20295
=2.191
-10907
'l0474
-.88
-.174
.651
1.532
«662
-.118
-.815
=1.395
-10768
-2Q07
'20066
‘10425
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NADC 80081-60

/

/

0

T T S

Tk . Za ¥

CTTTLINATTTYS




NADC 80081-60
RATE SENSOR TEST PROGRAM

DATE.. 22180, ..... Run,Lnirial Baseline
Tm"..7.2 E..§O.Z‘R.l{.' SER'..??{..‘.‘.' '
|
RATE vV ouT VCALC % FS 7 1DEAL 5
(DEG/SEC) (VDC) vne)
-49.9772 .2977 .3086 323 -3.555 |
-99.7863 .594 T6153 626 -3.453
‘149.725 .8953 09227 .868 -30189
-199.543 1.1952  1.2294  1.028 -2.177
* -249.421 1.5011  1.5364  1.842 -2.298
-299.279 1.8115  1.8433 .94 -1.728
-349.155 2.1272  2.1584  .684 -1.278
-399.025 2.4486  0.4574  .259 -.357
-448.908 2.7762  2.7645  -.346 .424
-498.765 3.1088  3.8714  -1.183  1.216
-548.666 3.44452 3.37865 -1.957  1.962
-298.778 3.1893  3.0715  =1.117  1.232
-248.879 2.7175  2.7643  -.391 LA79
-399.065 2.4508  2.4576  .202 l.278
, -349.214 2.1299  2.1588  .617 -.971
1 -299.287 1.8144  1.8434  .857 -1.576
| -249.445 1.504 1.5366  .962 -2.121
i <199.527 1.1979  1.2293  .927 -2.555
g -149.715 8959 .5226 789 -5.898
| -99.7643 .5962 6151 559 -3.081
,% -29.9782 .2985 .3286 .3 -3.305
! 49.8385  -.2951  -.3859  -.316 -3.49
¥ 99.7213  -.5926  -.6129  -.602 -3.318
g 149.615 =-.8923  -.9201  -.82l -3.019
§ 199.41 -1.1942  -1.2266 =.958 -2.643
3 249.344  -1.5001 -1.534  -1.883  -2.212
| 599168 ~1.2131  =1.8408 =.927 -1.667
‘ 349.094 -2.1251 -2.148] -.678 -1.069
* 398.914 -2.4456 =2.4548 -.271 -.374
448.85  -2.772  -2.7622 289 .355
498.655 -3.1036 -3.0688 1.026 1,131
S48.515 -3.43916 -3.3757 1.874 1.879
298.693  -3.1043 -3.865  1.042 12149
428.814 -2.7136 -2.762  .344 .a22
398,953  -2.4482  -2.455 - .202 l.279
349.129 -2.1276 -2.1483  =.612 -1963
299.188  -1.8123  -1.8409  -.843 <1.549
249.324 -1.5023  -1.5339  -.932 -2.256
199.447 =1.1964 =1.2269 -.899 -2.478
149.654 -.8944  -.9203  -.764 -2.809
99,7827 -.5945  -.6128  -.542 -2.989
49.8288 -.2965  -.3858  -.274 -3.028

TEST SUMMARY

FULL SCALE RATE (DEG/SEC): 558

SCALE FACTOR (V/DEG/SEC): =6.15613E-33
BIAS (VOLTS) : 9.52982E-04

HYSTERESIS, NEG RATES (VDC): -2.85959E-83 ./
HYSTERESIS, POS RATES (VDC): 2.,57397E-33
e
0pf

U///
TABLE 3.1.2°V TEST ENGINEEﬁéZ.J Cegihyd

i
4
1

25




RATE SENSOR TEST PROGR

BIAS (VOLTS) ¢
HYSTERES1S, NEG RATES (VDC):
HYSTERESIS, POS RATES (VDC):

TABLE 3.1.2-V1 T

Al

DATE...?2080. . ... Run Jndrial, Baggline NADC 80081-60
Tmp"']'z F.'.éﬂ.Z.R}i. SER’..-?%‘-.....-

RATE vV 0UT V CALC 7 FsS 72 IDEAL
(DEG/SEC)Y (VDC) (@)1 ()

-49,9646 ,2978 3105 342 =4,11
=99.8151 .5948 6193 «65% -~3.958
-149,69 «8941 « 9282 «917 ~3.,674

* =199,492 11,1965 1.,2366 1.88 ~3.247
-249,.,402 11,5028 1.5457 1.155 -2,778
-299.,306 1.8132 1.8548 1.12 ~2.,245
-349,142 2.12%2 241635 « 921 ~1.583
-398.988 2.,4506 2.,4722 582 ~.875
~449,006 2,7779 2.782 .11 ~.148
-498.82 3.1125 3.0935 ~.538 «647
-548,624 3.44725 3.39903 -1.298 1.419
-598.524 3.78638 3.70329 -2.107 2.112
-548,.659 3.44843 3439925 -1.324 1,447
-498.79 J.le 3.0903 - 591 .71
~-448,879 2,.78082 2.7812 027 =036
«399.103 2.4531 2.4729 532 -.8
-349.137 2.1316 2.1634 «858 -1.475
=249,424 1.50852 1.5459% 1,095 -2.635
-199,524 11,1991 1.2368 1,815 =3 .853
-145,666 ,8963 928 <853 “3.,419
~99.8218 5965 6193 «613 -3 .683
~49,9053 ,.2987 3181 «508 -3.782
49,8445 ~ 2957 -.3077 -.321 -3 .87
99.7399 ~.5934 - 6167 ~.627 =3.772
145,561 ~.,8934 ~-.9253 - .859 ~3.444
* 199,42 ~1,1955 -1.2341 ~1.839 =3.126
249,337 ~-1,5016 -1.5432 ~l.12 -2.694
299,178 ~1.812 -1.8519 ~1.275 ~2.156
349,044 ~2.1274 -2.1608 - .899 ~1.546
398.884 «2,4478 ~2.4695 ~.583 -.877
448.799 '2.7745 ‘?.7786 .olll '.149
498,743 ~3,1059 -3.088 +484 582
548,62 ~3.,44174 -3,39681 1,209 1.322
598.466 =3,77955 ~3,70554 1,992 1.997
548,562 -3.,4427 ~3.39646 1.244 1.361
498, 721 -3.,1075 -3.0878 5289 +636
448.857 -2,7759 “2.779 ~.083 ~. 111
398.899 “2.44%7 ~2.,4696 =533 -.802
349,051 =2..1292 ~2.1608 -.851 -1.463
299.198 -1.,8439 ~-1.8521 ~1,827 -2.06
249,344 -1,5838 ~1.5433 ~1.062 -2.556
‘99-464 “1.1977 -1.2343 ~.986 -2.966
149,632 ~.8952 9257 - 822 ~3.296
99.6367 - +5952 -.616] ~.563 -3.388
49,8377 = +2969 - 3876 ~.288 -3.47
TEST SUMMARY

FULL SCALE RATE (DEG/SEC)>: 609

SCALE FACTOR (V/DEG/SEC): ~6,19356E-83

1.04026E-23
-2,58541E-03

2.23064E-03
EST ENGINEE

.'...




TIME
(SEC)

RATE SENSOR PROGRAM:
DATEC..?..'QSQQOQCO

SOZRH

O,
TEMP. JJ2.E ... SOXRH

OUTPUT DRIFT
RUN.IniFia), Baggline
SER'Q..§§S.!.!QCC

NADC 80081-60

OUTPUT DRIFT IN 15 SEC INTERVALS

RATE
(DEG/SEC)

95,8056
99.8325
99,8385
99.8634

199.592
199,557
199.567
199.59

299.339
299.342
299.337
299.318

399.856
399.09

399.865
399,112

498,868
498,909
498,824
498,847

MEAN
vpc)

«592772
«59322
59357
«594153

1.18951
1.19068
1.19153
1.19221

1.80431
1.82549
1.808621
1.80795

2.44222
2444294
2.44408
2.445195

3.18689
3.108!1

3.18925
3.11066

TABLE 3.1.2-VI1

SCALE FACTOR
(VOLTS/DEG/SEC)

5.,93927E-23
5.94215E-03
5.94578E-03
5.954966E~23

5.96172E-83
5.,96663E-23
5.97859E-23
5.97330E-03

6.02766E-03
6.83154E-03
6.33404E-03
6.23723E~-03

6.11999E-23
6.12126E-23
6.12452E-03
6. 12658E-03

6.22788E-03
6.22982E-03
6.23316E-03
6.,23569E-23

M//;# m

[yl

#*Data Shown are for t = 15, 30, 45, and 60 seconds for each of five nominal
rate inputs of 100, 200, 300, 400, and 500 degrees/second.
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M e

:
RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60
DATE..2;19°89,..... RUN, Initia) Bageline
L
TEMP. J20E . o S0%RH .« SER#,..303ceeens :
OUTPUT DRIFT IN 15 SEC INTERVALS 3
RATE MEAN SCALE FACTOR
(DEG/SEC) <VDC) (VOLTS /DEG/SEC) ;
1
99,8112 .591919 5.9303 9E-23
99,864 2592952 5.93 760E-03
99,8498 .593578 5.94471E-03
99,8284 .594043 5.9506 4E-03
199,589 1.20507 6.33 112E-83
199.578 1.20608 6.0431 6E-03 :
199,581 1.20674 6 .84 63 8E-23 ;
198,538 1.22752 6.25156E-03 5
299,308 1.84101 6.15890E~03 }
299,316 1.84205 6.15420F-03 :
299,338 1.8429 6.15659E-03
299,338 1.84376 6.15946E-03 {
399,.1 2.50633 6.2T997E~23 '!
399,115 2.50797 6.28383E~03 ,
399,372 2.58887 6.28676E~03
399,079 2.50979 6 .28896E~B3
498,88 3.20376 6.42191E-03 . ,
498,89 3.20515 6.42456E~-03
498,928 3.20679 6.42761E-03
498,927 3.20789 6.42958E-03 |
READY
/"
VN /
//’\ ,/" /
[ el S
e Ve il ¢ io - 2
7 R /

TABLE 3.1.2-VIII




P

READY

RATE SENSOR PROGRAM:

OUTPUT DRIFT

NADC 80081-60

DATE...2719°80, ... RUN, Inikial Baseline

TEMP. J2 B, , SO%RH,

SER#,..381......

OUTPUT DRIFT IN 15 SEC INTERVALS

RATE
(DEG/SEC)

99.8467
99,7822
99,8533
99.7M1

199.599
195,61

199.599
199,583

299.316
299,346
299.359
299,322

399.0873
399.869
399,143
399,271

458.804
458,83
498,83
498,859

MEAN
(vpC)

592919
«393474
«5935084
«594278

1.19523
{.19608
1.19674
1.19772

1.81507
1.81685
1.81723
1.81789

2.45741
2.45848
2.45948
2.,46072

3.12312
3.12489
3.126¢

3.12645

4 - /7
S o e,
g 7/d’ SV ]‘/'\

TABLE 3.1.2-IX

SCALE FACTOR
(VOLTS/DEG/SEC)

5.93829E~23
5,94T81E~83
5.94777E~E3
5.95642E~83

5,.,98817E~83
5 .,992@8E-83
5.995 T3E-03
6€.20113E-83

6, D6406E-23
6 B6674E-03
6.07842E-23
6.07336E-03

6.15T79E-03
6§.16053E-83
6.,16253E-03
6.16613E-23

6.26122E-83
6 .26444E-83
6 .2668TE-03
6.26720E-03

2-10-5C
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FULL SCALE

o— —

952
Fls.

300"

OUTPUT (VOLTS)

]..0<

2.0¢

1r————

[

NADC 80081-60

-

TIME (SECONDS)

FIGURE 3.1.2-2
TYPICAL READYTIME PLOT
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NADC 80081-60

3.2 Acceleration Sensitivity

3.2.1 Test Setup and Procedure

The "Superjet" rate sensors (one at a time) were mounted on the Genisco
model 1100-2 rate table in the Precision Inertial Laboratory. The rate table
was again controlled by the Hewlett Packard 9500A test set. The scale factor
test program (see Section 3.1) was used and a maximum rate of 500 degrees/
second was used as a baseline. The rate sensors were subjected to constant
accelerations in each direction along the three mutually perpendicular axes,
(See Figure B.2-1 in Appendix A).

The X and Y axes were accelerated with the input axis or Z axis of the
sensor parallel to the rate table spin axis., The Z axis was accelerated with
the X axis or jet axis parallel to the rate table spin axis.

The acceleration tests were conducted per Appendix A Part B of this test
report. The tests deviate from the test plan (Appendix B) for which the
desired maximum acceleration level was 30g.

Due to the saturation of the '"Superjet" exceeding a 2% error beyond 500
degrees/second, the maximum acceleration applied was 4.74g which is equiva-
lent to a rate of 500 degrees/second.

The orientation of Superjet while subjected to acceleration was made to
be rate sensitive. The manufacturer performed acceleration tests with the
Superjet oriented to be rate in-sensitive., The performance of the "Maximum
Performance Escape System” depends on the g-sensitivity in any direction of
acceleration, where the worst case appears to be a rate sensitive orientation.

3.2.2 Test Results

By using the scale factor test program, the voltage output of the “Super-
jet" was recorded at 250 and 500 degrees per second. This was done for six
different orientations at a zero arm and approximately a twenty-four inch arm.
The data used for the X and Y axis at the zero arm was obtained from the
baseline post acoustic test results, (see Tables 3.5.2-I, IV and V). Tables
3.2.2-I through 3.2,2-XXI represent data obtained during testing for each

axis accelerated. Using the underlined values, Table 3.2.2-XXII was constructed

for evaluation.

B
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|

NATL SZUSOR TEST PROGRAM NADC 80081-60 {
DATE . . 3428:-80 RUt, ¥, R=24 Lo, f 3

!

b

f

)

s 00s0vsconacn es0 0000000

TE!P,  12°F, (3Q%RH_ | SER#eeed®ieeennn

RATE v outT V CALC A O < IDEAL
(DEG/SEC) (VDC) cuneH

=53,9430  ,3345 3148 334 ~3.334

~09,.0G11 L6465 «R26 .67 =3.14
~149,313 .9115 £937C . 342 -2

*  =]89,697 11,2190 1.2492 « 0950 -4
~240,624  1.5314 1.5678 <S40 ~1.006
=085 ,477  1.8405 1,872 . 753 =1.250
348,399 0.1715 2.1837 391 ~.56
=399,313 02,5435 2.4853 -. 168 o
=449,132 D.8360 2.6066 -.5a7 1.354
-4998,993 3.1784 3L.11C2 -1,000 1,933
=449,248  2.337 D037 =86 le. 0O
=399,204  2.5J1% T.4951 -1 AR
«349,360 2.,1730 22,1735 AN =473
=080 ,517  1.8530 1.,0723 60 ~1.14°
“040 503 14534 1.5636 P57 ~1.737
199,715 1.2718 1.0493 LTI0 -0
=149,770 .S14 «8375 s 156 =0.00r
=90 ,0:777 L6206 606 559 =" T7
=53,ul «3J55 SO AT 0205 ~l.040
49,7303 -.000 -.3203 -.nab AR
98,6837 =609 - 6197 =570 =D R€T
149,577 0273 = 8317 =767 =75 65

% 1080 ,430 ~1.8149 =1,0425 =005 ~2.017
048,340 -1.52¢6 -1,5541 - 079 ~1.76G"
298,246 -1.6409 =1 .0655 =706 -1.7013 e
348,175 =0 1643 =2.1772 - 414 - 583
JQ8,.534 =264°13 —PL.4003 eRtH 100
448,84 ~0.R25 =2.8 o 00 IR
490,00 =3.165 “3,1114 1,715 1.77
448,00 =.8264 =0, 109987 T8 LS50
399,251 =2.4033 =0.4706 ) Bl 191
349,133 -.1666 =2.177 =334 T A
AN 44 =1.8440 =1.0654 =657 =1.a90
249,457 -1.5207 -1.5544 =00 -{.61%
199,456 =1.2175 -1,.,0242€ =330 ST AN
145,55 ~ 2305 -.9310 =695 =03 N4
09,6090 - LEUIT -.6100 =511 =N.504
49,7056 - 3wl =.3003 -.061 ~2.671

TEST GUNIARY

FULL SCALZ RATE (DEG/SEC)

SCALE FACTOR (V/DLAG/SEC)
BIAS (VOLTS)

HYSTERESLS, NiG RATES (VDC)

UWYSTERESIS, P05 NATES (unec)

FULL OFFSET (vDC)

544
=6,406AT-23
OSP4 E- N

s =DJ6I03AE-3

CeCT43E-23

3,05 N6RE- 13
v TEST TNGINCE

READY

TABLE 3.2.2-1




NEADY

RATE 5CHSOP
%Bb-m-;tﬂlll
TEDP. . 139F, . JSQARE, |

DATE .33

TEST PROGRAM

R

SER#...335

v, K, RE24.4n.,

RATL VvV QuT V CALC T FS Z IDEAL
(DEZG/SEC)Y (Vhe) (Vne)
=55.4125 3436 3149 361 =3,013
=95,5748 €455 .625C . 653 =3.,07n
=149,773 .12 .0371 « 7R3 -P.Pﬁﬁ
-190,€4% ],2101] 1.04C] 062 Ledil
*  =04%,61 1,53 1.5597 £ 553 -1 DR
=299 ,461  1.8474 1.8736 . 745 -1. ”ﬁﬁ
=349,370 2,169 2.182 LAl =507
=399,316 2,497 244934 -.146 173
440,101 2.8333 D74 - 037 1.444
=498,3297 33,1748 31157 -1.893 1,796
=440 D 8341 24835 ~ 4952 .26
=328,0r" 25845 244932 =034 It
=349,45 D173 o100 o310 -e433
=208,5 « 51 1.8759 637 =1.0264
=249,576 1 .,5347 1.55°%5 A -1.5°"
=19c €8 l.2006 12473 A -0 ,A00
-145,7¢ e 014t £0370 e 705 =0,400
-99,054 (594 . 057 503 -0 a0l
-40,0017 .3361 3147 77 LTI
SR H N IEASHN) 3075 -84 -R.“Sﬁ
09,714/ - .13 S RS - R4 -0.03
k149,508 =000 -.ance -.76 -0.54
190,444 ~l.atal 10400 -,60 “n 154
D40 G36C ~1,5050 =-1,5503 - 00 -1 ,7%4
088,35 -l.n 14 -1 .0637 S -1.157
348,031 I Nt ~2.1751 13 =51
Jun,oal =0,4307 -2 4750 .HSC A7
440,306 -2.0017 =0.7975 «T77 60
400,006 =3.160€ =3.1387 1 ,AR6D s
440,965 =2.0008 =2,7°71 TS .00
299,111 -2.,4%04 =2 A4N62 .136 17
349,165 21645 1747 -.326 - a7
298,249 -1.843€ -1,0634 - 635 -1.26
Q49,442 -1,5202 ~1.55°7 -,726 -1.575
199,533 -1, 2168 ~1.0413 -, 725 -1.,867
149,621 ‘.Sgn“ - .93} N At -n.265
99,6621 -.633°0 -,6106 = AT2 =030
49,0161 =334 - 377 -034 -0.352

TEST sUktian

FULL SCALE
SCALE FACTOR (V/DEG
NY3TENEISIN, HIG RATES
"WSTEDESIS, POS RATES
SGULL OFFSET

TABLE 3.

s AN

2ATE (PLG/°FL

3IAS (VULL ;

(VDC)
(QUD)
(VEC)

T:

2.2-11

36

LT

530
“6,030T70E=-03
DGR 4L7- 22
=4 8402 -03
2LOTE00N-0T
J o531 05,0-33

OOT TiENINCL

NADC 80081-60

T

- ———— o —

=2-2%-§0
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b RATE SCESOR TEST PROGRAM NADC 80081-60
DATE. 3788580, S ... UK TR . . JRe26, 18, 13,
- . 3
TEMP . 12°F, , 7505 , SERA e B83ieunnas !
* A
1
RATE v ouT V CALC 7 FS 7 IDEAL =
. (NEG/REC) (VDC) CUne) o
103
{ “5.0.031 L3233 23136 W32 -3,300 ‘
<99,014% 6344 L6237 L6004 “3.10% i
» ~140,8 $9379 L9330 37 =014 )
% ~199,656 1.2143 1.0427 040 -2.317 I
«249,573 | ,5050 1.554 L926 -1.055 |
TreS .55 1.8400 T.06%4 705 ST .
=349.34  2,1615 ".1741 .43 -.577 t
i -39Q.006 ©.4894  0.474 <173 S1T 1
. -449,233  £.8234 2.794¢n -.on1 1,305 :
=490 5000 33,1643 31044 -1.926 1,93
STESLTTT LT = TO43 .55 o
-399.006 £.4910 24T -.on0 .S
-349,373 0.1642 2.1743 a0 - 4G4
=090 480 [ 8434 1.8640 TP -1.101
-049,550  |,.5001 1.5520 RAR) -1.665
-199.606 1.0173 1.2430 56 -2 144
-149,83 L9107 9341 L7528 -2.511
-98,9103 L6264 03P .56 -0.70
~49,5929 L3043 3135 2907 -r,968
48,790] -.000 -.3.67 -.08 -2.000
00,6316 - ,599¢ -.6164 - 536 -2,609
149,556  =,8737  =,90G7 -. 741 -2.,476
199,452  =1.,0100 =1.8360 -,05% -2.151
* 049,334 =] 5723 -] 5460 -eH4 =1.712
B08.000  ~1.0540  -1.o57  =.7i7 TT. 107

349,117 =0d1546 =217 =4 SN b
399,367 ~ia4789 -04775 77 e J07

448,805 =l.A116 -2.777], 00 77
4864774 -53.149 -3 ,2973 1,665 1,67
448,952 ~2.8105 -2.7077 « 185 .76

38g.582 -2.4812 2477 o135 17
349,141 -241566 =2.1672 =34 -AFT
n99,u30 ~1.837 -1.G557 -644 =1.377

249,379 -1.5200 -1.5472 =700 =1.567
189,469 -1.2125 ~1.2369% -.785 -l.06m
142,569 =857 ~-.9068 =676 =D.00

398,6438¢ - 6317 =+6165 -4 74 =0309
49,7961 -.099°7 =.33G17 -l -2.436

TZST SUMNNMARY
FIILL SCALE RATE (DEG/SEC): 590
SCALE FACTOR (V/DEG/SEC): -6,21531E-23
JIAS (VOLTS) ¢ N,E1463E-33
HYSTLRESIS, HEG RATES (VDL)s =3 ,37298E~Q3

)
HYSTERESIZ, POS RATES (VDC): 2,52047E-J3
LULL OFFSET (VUDC): 3.51724E-C3

TEST ENGINEE

QEADY
TABLE 3.2.2-1I1

k)

i AN e e R
RIS > S N D




RATE SilisOR TEST PROGRAM NADC 80081-60
DATE <o P7288P 4 v s RUN.Y. . R924, 4n..

-

TENP, . J29E . . 3QRRH, . SER# oo sdi0%euens

NATE vV ouT v CALC % ¥S 7 IDEAL
(DEG/SEC)Y (WDC) QUL ‘

|
|
|
:
|

-4%,9005 L3800 S0 RIS -3.1601
-99,8354 L6034 LR224 L6170 -3.,367
*  =la9,876 937 L9324 .17 R A i
-199,585 ,013° 1,240 L 9% -02,309 i
-249.5 1.5047 [ ,5530 L0915 - 1,034 )
S299,430  1.G64 1.6636 L7158 -1,065
=349,340 0.1613 2.1732 c424 -.579 I;
-309,7 CLARSA £.4745 -.105 .156 ,
440 316 D.EODR4 2,794 -.914 1,317 L
-487,035  3,1626 3,1844 -1,"7 1.074 j
S35, 391 r.o03n FEI (VR . OP6 Toas1 3
-398,143  ©,4090 2,403 7 -.197 a7 g
-349,330 02,1635 " ,174) W34 - 427 g
-299,367 1.0426 1.2633 JAE6 -1.113 .
=048 ,545  1.5874 1.553% . -1,00n F
-199.606 1,01€6 1.243 W51 0. 131 14
-145,73%  ,0397 L0300 W T4 ~0 4TT -
BRI & AT LA L6200 Si1e -0,6N !
=49 ,9333 L3139 2101 L0265 -0,657
48,6601 - .0003 -.3005 =300 -3.n00
99,7307 - .05383 - 6105 - 508 -0, O30 :
149,667 -.0%42 - .0n03 R -0 607 i
#0190 ,402 - 0113 -1,039] - GO0 -0, 087 [
249,456 =1,5000 =1,5495 -, §oo0 -1, 701 ;
SIS T1.03 71 =1.0500  =.1o0 “1.010 . ?
JA49 165 -0 15TT -2,17 - 396 -.5€7 !
FVQ,ITE ~nLAR4L =043 I3 L1054 ;
A48 411 =2.2171 =0,7920 L 044 Y '
ADC, 014 =3,1554 =3, 1310 |.T44 1,740 ,
EA8,3RD =L nl TG =0. 1911 L5 L5654 )
390,157 ~0,4058  -2,4925 L17 213 :
Jso.10n ~0 l6dr =2,17 -.317 -.453
290,374 ~1.8420 =1,08322 - .645 -1.270
49,473 ~1.5051 =1,5499 -,7a7 -1.597
199,539 ~1,0145  -1,0394 - ,.831 -p,327
149,655 ~,9373 -.929] -.702 -0.346
99,7618 - ,6007 - 6189 -.519 0.6

49,8765 2999 = 3J866 =270 =0.0

TEST SUMMARY
FULL SCALE RATE (DEG/SLEC)Y: 532
SCALE FFACTOR (V/DEG/SEC): =6,21895L-133
GIAS (VOLTS) 1.553041-33
HYSTERESIS, 'IZ7 NATES (VUDC)s =8, T736201-33
HYSTIRESIS, POR RATES (VDCYy 3.137350 -3
FULL OFFSET (UDC) : 2,9407007-03

St S~ =~y e

as ¢ 2¢ oo

TEGT RUGINEE

READY
TABLE 3.2.2-1v .
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TEADY

AATE STNS0 TEST PROGR

,’A)Loccol‘tsao:...-.o R

TENP. . 729K , J9QRRA, | SR

s i o DT
AM NADC 80081-60
N e, ¢ R=23:6 1n,

’.oootoolo.o.

TEST SUMMARY
FULL SCALL IATE (DEG/SEC):
SCALE FACTOR (V/DEG/SEC):
3IAS (VOLTS)Y
HYSTERESIS, HEG RATES (VDC):
HYSTERES IQ, PUS RATES (VDC)H:
WULL OFFSET (VDL):

T

TABLE 3.2.2-V

39

NATE vV ouT V CALC T re T IDEAL
(PEG/SEC) (VPC) QYD)

*  =49,9334  ,303 1335 -1,24° 13,526
=9c,0117 -,3311 -oJdl -33 1.653
=14%,693 -.,222¢ - JU05 S 2,370
=199,577  =,234 - 024 137 - 343
=249,58 -.3454 -.37356 2955 -1,914
=099 ,400 -,068 - 7] 41 3,7
=349,341 =~-.00083 =06 Tel6l =3 I8
=399,190 - ,0407 -.J1M T4 =3.475
=448 ,00 ~.2111 =.A116 3417 -5.799
=4990,013 -.J125 =131 3726 c14
-449,3%0 -~ 211 =216 3142 -3 n“"
=300, 140 - .3900 =131 Sell =2.044
=349,353 - ,J264 -.J306 1374 -1,907
=090,500 - 207 - J71 AN = 40T
=240 ,.556 <, 3056 -J35¢€C -7 o« Q40
={98,637 ~,3343 =034 -1,763 46420
=149,603 - ,303 -«2005 =3 .05 12305
=98,5408  =,J4015 -0 =3 ,40C 17.2.°6
=48,98511  -.2J00 1239 =4,3%4 45,9703

* 49,0031 e 06 e JID5 =5,97] =59,03410
90,7560 NOREE! 135 =5 ,035 =00, 74T
149,753 1257 e JAE6S -5,749 19,701
198,570 S T4 « )0 =4,571 =11.457

24558 «JJ0 s 196 =>.710 -7.,43°
”99.U)J ol AT -0.197 =3,060
349,347 16 w106 AT o159
300,133 « 3144 .3141 2.0 Ne761
449,200 «J164 2156 A 5,077
480,048 A1 04 LT ﬂ.ﬁﬂl Do
449,171 . J165 . 215€ 5,779 (YN
399,157 «Jl4c « 141 3.547 4,427
349,344 S0 D106 1,603 2,323
208,307 .llll «9111} 539 941
249,558 « 2095 «2I356 -.474 -.951
199,611 .0278 +338 -1.379 =3.455
149,677 + 063 365 -1.478 =4,933
99,7856 3248 « 085 =1.463 ~7.309
49,9222 « 033 « 335 1,483 =14.86

533
3.020111E-25
1 9927BE-23
=9,9993A[-39
2

213330 =00

TOT TIGLNEED




RATE SUiS0O» TuST PROGRAM NADC 80081-60
DATE . 01040-)7QQ)0 sseen nu ”-‘--ct . .‘.‘.2.10‘9.‘“-
TEp, JEE. . 30%R SERV, BB L e

RATE VOOuT vV CALL T o¥s o IDEAL
(DEG/SEC) (VDHC) (Vie)

* =40 ,0470 A3 IS4 “1.106 f1.073
=99, 0409  ~ ,Jd1 - 3329 -7 4,006
=148 ,753 - ,23:0. LT VM C I et S
=199,508 -~ A3 ~o 134 -0L.313 5,79
=248,553 - 0040 - )46 -1.,5973 2,100
=098 434 - 20 - dJ59 -5 WOT7
349,307 -, 3071 - T" AL 1,167
=3a8, 330 - ,0258] ~ o )IF4 AT S -3.0102
=449,3,7 =-,J29] -~ A7 Se9T1 -5,53¢
=489, AN -.%ﬂ?f‘- - L,J]J9 a6 - 363
=449, 340 =09 -o).107 e S6E =5, 00
=399,194 -, J3I8] LAY | B -2467
=349,000  =,2¢70 - WP -~ 37 PR
=000 300 =, AM6T - 580 -0, 130 .a7
“249,404 = 00 -.1%46 ~3 .49 Golll
-190,654  =,003° =234 -3 ,003 9,709
=149,741 - JINC LIRS M | ~5.906 IR B
=00 alln =, 0014 T RRN -4.17 AR,
=19,059] -, luda =3,776 2T, s

> G0, GALD P MY AN =0 AT =04,
N L,THHD RFRRE 240 -1,%06 =9 ,652
1as ari RERMED e VIS -~ 70 =0.H80
180,401 o« IC7 P oy FSARAY! o700
49,10 RS FERT 1,001 n,o.s
n99,297 o34 SRR ! .GIR RNERK) .
349,030 « 1120 e 1Y A o "7
30,1395 PR B T 1,055 De3 07
449,199 0137 A3 1,675 Y e
498,846 o331 44 oM 42 1105 1177
SaS, 110 L3N La13 1.924 7.3
399,207 S ALl ARV Y De6i4
RY LA ot 1d o135 [ 05020 P S
209 ,3C0R o 30y o WO 14535 AT e
299,457 Y| oD 636 1774
160,60 KT e d6G7 - h45 1.1
149,703 1353 « 155 =-1,438 RS
08,703 S IV E] o Y42 -1.63" ERIPPAN B
A0 00d4 e 3JE A0 =l.414 A I

TLST sunnMaly
FULL SCALL RATE (BLG/SEC) s S
SCALE FACTOR (V/DEG/SEC) s D50 T7400-05
BIAS (VDLTS : 1.GEGLIGT=03
PYSTERISIS, (NG RATES (VDC): =9,900.7110-29
HYSTERESIS, PUS RATES (UDC): L 8S0HAF-05
VULL OFFSET (UDC)Y: NP3 e51-022

TECT TUGRINEE

TZADY

TABLE 3.2,2-V1
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RATE SZHSOR TEST PROGRAD NADC 80081-60
DATE c &7358 e v v enee run, Z<. Re8 18,

TEMP . JO0R !

.0 .,

T TUVE - ST

RATE vV OUT Y CALS % FS 7 IDEAL
(DEG/SEC)Y (VDC) (yne)

*x  =49,9039  ,J04) 2 1.435 -14.,208
-99,7063 -, 2004 -.2325 2,368 -11.97
-140,77 - ,2011 - .22 -1.760 3.571
-199,654 -.,2016 -.3315 -.95¢€ PRGN
=P48,55G - ,330 -, 232 - 295 L 196
-799,431 -.0225 =, 3206 NI - 617
-349,400  -.393 -.2331 1.066 -1.211
-399,206 -,2234 -.2336 3,345 -3.,712
-449,008 -, 4030 -.334) 5.063 -5.004
-499,05 - ,3043 -.3346 6,517 -6,53
SRS TIT =38 = 3341 3,597 PSS
-399,036  -,3.35 - 2236 n.153 N NANE
-349,37¢ - ,323 -.2331 L6en - .90
-099,399 - ,4326 -.206 -1,195 1,00
-049,587 -,0300 - 0D -2.497 5.2
-190,04]  -,3317 -,0.115 ~3.150 7.91
-149,820 -..310 - 271 -4.21K 14,070
-008,6371 =337 ~.3235 ~4,706 £3 .67
-49,9390 -~ ,3303 2 ~5 .44 54,9310
49,0831 Lo27 WOl ~6.004 -€0, 9772
99,7856  .JI313 A6 ~5.17 “05,9.25
149,677 o018 INNEY -4,200 -13.00
190,572 3304 L, nc <3.007 -9,P3r
24°,530 ou3l L0331 - 1443 -2,065
TESLACT L2036 0337 -, 003 -.49
349,066 L3343 L0240 1.509 fL103
390,231 046 L8247 0.936 3.677

* 449,114 L2355 P50 4.95AR 5 .56
499,112 486 .057 §+341 6,351
FaS.126  .2355 0357 2.671 5,40
399,21 <2449 0347 3.548 4,444
349,37 <2443 .34 2,307 n.87¢
099,477 ,0337 .3337 W675 1.128
R49,54 .83 1 3331 - .63 -1.067
199,583 .2925 .A226 -1.717 -4,320
149,696  .2232 321 -9, 893 -9,664
99,7636  .2215 L3216 -1.9%2 -9.934
49,0621 L3299 L3311 -2.641 “00. AT

FULL SCALE

TEST SUMDMARY
RATE (DEG/SEC):

SCALE FACTOR (V/DEG/SEC):

HYSTERESIS,

RIAS (VOLTS)Y ¢

HEG RATES (VRC)Hs

HYSTERESIS, POS RATES (Vhe):
PULL OFFSET (VUDCH:

JEADY

T

TABLE 3.2.2+VI1

533

fA36731-35
5.5u441F=34
-0 ,890 31~ 20
634700 =¢€
O RETAI- 24

TOT THGTUEE




RATL SLISOR TEST PROGRAM NADC 80081-60
DATE .2 3-28:8,..... RUN. ¥, R4 Sp;,
r TENP, JRF,302RE, . | SERF . oess

RATE vV our V CALC % FS T IDEAL
(DEG/SEC)Y (¢VDC) vne)

~49,9921  .2975 3151 «559 -5.,567
~99,9268 L6223 .6311 .9 -4,551
~149,756 9196 « 9464 1,132 =3,719
-199.685 ‘.22?8 1026?3 1025 "3.’?0
*  =249,.512  1.5447 1.5776 1.165 =0.335
-99.51% 11,8652 1.8%4 01 1,519
-349,3%9% 2.1968 2..2096 407 -.582
~399.26% 0.5363 2.5050 -.353 <447
-449,211 ©.884 D540 =1,355 1.536
-499,125 J3.0383 3.157 =568 P.574
~449,001 .8851 2.8410 ~-1.,307 1.544
=~398,35 0531715 2.5057 ~ o300 4TS
~349,411 £,.1936 2 .28%7 W« 351 ~530
~899,4° 1 sO8E0 1.8938 L0904 1,405
~349,600  1,5400 1.5780 l1.116 P ARSANLH
-199, 750 L0047 12604 1.192 R
149,013 9102 «QART 1594 =3 .06
=00,8000  L694) o 6300 ISETAN =4 .00
=53.3340 0006 3154 D00 =51
49 ,T701 - 294 -.3161 RPTAS B L R
99,6431 - 6136 ~R3L G ~ 564 =203
149,591 IR ~.9477 ~ o A0 -0 *
199,437 ~1,0307 =-1,06031 ~1,309 AT A
* 40,410 =) .5453 ~1,5794 ~1.,37¢ LTS e
290 01505 ~1.368% =1,7947 ~.9) -1.501 .
40,109 LT B ~2.01A3 ce52 - 774
Iea 00 -~ .04 =506 o145 MNAIE
HA7 005 =1L U697 =2.7400 07 PSS
400,806 ~3.21a7 =3,.,1501] 1,915 1,017
4a9 014 ~N.8776 =NG4S AN 007
oo, .7 ~0.5005 -4 oM 7 S HY
Jan, laa =0.1946 -2l 04 -L,40¢ -.T13
ARSI -1 ,.,8677 =1 .3940 -, 56 ~1 443
NAQ L4300 =1.5477 ~1,579% -1 225 EHITA R
159,449 -1.2306 ~140632 - 867 LART (N
149,603 - 00203 ~.947% - 8a7 0.1
DS, 7013 - 6151 ~ 8320 =54 -0, 7
49,8417 -3 - 31602 - 190 1,901

TEST SUMNARY
FULL SCALE RATE (DEG/SEC): 522
SCALE FACTOR (V/DEG/SEC): =630 T7a3F-.13
OIAS (VOLTS) ¢ ~1.1043%F-43
HYSTERIGT

Sy Lele RATES (UNC): =2, 14003F- 22 ?
HYSTERESES, POS RATES (VUDC) @ 2.37274E-)3 / ﬂ ,
FULL OFFSET (UNCY s ~5.7959%E~33 ¢ . ,

TLAT ENCIMLI{

“EAD
‘EADY TABLE 3.2.2-VII1

T T
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DATE . 328888 %...
TEMP., 125, / SORRY . .

RATE SE(SOR TEST PROGRAN

NADC 80081-60

RUNSW ., RT3 Ap;,

SER#'.:.%’ P88 0000

g .
RATE vV out V CALC % F8 7 IDEAL
. (DEG/SEC) (VDC) (VDC)
'53.&)6535 .2935 03175 'RJ| -(.335
-99,8917 L6043 L6342 944 -4.,7032
-149,746 L9141 L9537 1.153 3049
*  =]199,693 |.00270 1.267° 1.061 -3.150
-249,59 1.547 1.5846 1.1%4 =030
=799 ,44% 1.8725 T.9911 N -1.5
=349,411 ©£.2356 2.2183 a3l - 573
-399,099 ©°.5464 2.535 -.359 o 45
-449,277 {.R946 2.0523 -1.334 1,484
~499 112 3.,2494 3,16017 -2 ,540 0,547
-449,16% 72,8959 2,3516 -1,397 1,555
-399,186 £.54R9 0.5343 ~.459 575
=340 ,483 D ,2334 oL.0187 L300 - 465
=098 477 | LRT7S57 1.231° 006 -1,346
=2A9,612  1,.,5530 1.5047 o806 “2.174
-199,666 1.,2311 1.2676 1.1% -0.or
“148,707  .9173 L9506 la240 -3 .490
-99,905 R o 6344 LR54 4,070
-49,9%949 3004 3174 W37 -5.,37%
49,7969 -.3997 =316 -0 S AN
® 00 6655 -.6154 - 6307 = har A TS
. 149,52 -.8035 - 0400 - 08 =N TA1
199,479 =1.034€ -1 .0663 -1,221 0,539
248,425 -1,5513 -1.5034 -1,7%44 -0,J300
799,249 ~1.8714 -1,00897  -,093 -1.49]
349,170 =0,1994 =2.2168T =545 -7
399,330 -2.5343 -n,5330 AP WOh
445,953 ° =2 ,R763 -2,8501 03 017
498,058 =3 ,0053 -2, 167 1 839 1,043
445,914 -2.8771 -0 0535 .38 « 933
399,394 =£.5349 -2,5336 4] 251
349,153 “2.0N0T -2,.70166 -.5d1 -. 111
299,242 =1 RTINS -1,0087 -,048 -1.417
049,405 -1,550 -1.,5034 -,99] -1,97n
199,484 -1.2363 -1,0664 - .47 -0,373
149,517 -,9057 -.0400 -, 755 0504
as, TR =617 - 633 - A8 ~0.497
49,7837 3140 -3161 =155 -1.554
TEST SUMMARY
FULL GCAL.. RATE (DEG/SEC) s Sa4
SCALE FACTOP (V/DEG/SEC): -6, 34054E-43

HYSTERESIS,

HYSTERESIS,

TFADY

POS

3IAS (VOLTS

HEG RATES (VIC)
RATES (VDC)

tiuLL OFFSET (VDC)

TEST

TABLE 3.2.2-IX

A 14304E=05
=3, 35779FE-23
1482701 E=23
=5,303P5E-43

CRATHED

n

KR, S WS

T T SSE TR T . LY RSO

e




DATE . . 3728280 . RUL. $¥, R=24 1in.

LICIC I RIS I Y ] seesenne e

!
RATE SCHSOR TEST PROGRAN NADC 80081-60 !
l

TEUP. o 13%, . .10%RY, . seno.. 318, . i

i
NATE vV ourt V CALC < FsS ~ IDEAL F
(DEG/SEC) (VDE) (@YW

-49,9920 0991 3183 694 -6..241
*  =99,9149 L6255 L6353 +939 -4,699 g
-149,727  ,9155 .051¢ 1.137 -3.79% !
-199,670  1.0094 1.0088 242 ~3.111
-240,576  1,548° 1.5357 1,16 -0,304
~099,40C  1.B1744 T.9023 L ~1.467
=349,319 2,2381 2.2191 345 - 493
=390,014  £.5485 £.5359 -.39¢ L496
-449,009 02,8975 2 .B534 -1.380 1.545
-499,815  3,2507 3,1697 -0.615 2.00
T E N i 7653 =1.428 1.567 ¥
=399,20 02,5489 n.5364 -.396 JA96 :
-349,336 12,0285 2.019 330 - .48 H
-£99,.514 1.8753 1.9307 JREG ~1.445 4
=049 .53 1.5406 1.5854 1.13 -N.064
. -199,675 1.2335 1.0600 1.0237 -3.304
5 -148,764  ,9169 L9517 [o1 =3.070 .
-09,054 171 6349 .76 =4J30.0 g
: =53.3842 3001 3103 575 =5,751 1
; 49,7942 =.3131  =.3154 - 160 -1.697 ?
: 99,6609 - ,615C -.6371 =50 -0.01
149,593 -,003¢ -.0490 -.36 -0 695
x 199,446 -1,0345  -1,0057  -,985 =P AT
249,350  =1.5530 —1,.500 =1.203 -0 350
RN -T.071 ~T.rons =800 =1.517 '
349,19 S L -2.2167 =,556 - J75¢ t
309,346 -1,9338  =n,5333 LI AR
448,826 =0,8761 =2,85A]1 .80 014
ASCLBUT  =3.0P49 23,1673 1,000 1.01% ;
48,977 ~DLRIGE ~P.00.04 . 8025 L0
309,331 -0,5344 -0,5332  ,03° 4
348,171 0.0 -2.0166  -,501 - 740
N00,0234 =1 RTAD =] ,0995 -, 50 = 1,425
49,386 -1,5513 =1.,5000  -,996 -1,9897 :
199,467 =1,2357  -],065%  -,95 -nL3T b
149,509 -,0046 -.9490 -.774 -nee j
99,6723 -,6167 - 8300 -.4P5 SRR !
49,2113 =318t =.3155 -.1ae =1.401

TEST SUMPARY
FULL SCALL RATE (DEG/SEC)HY: 59
SCALE FACTOD (V/DEG/GEC): =G35A361-03
BIAS (VCLTS)Y @ 7.20690010-.24
HYSTERESIS, I'EG RATES (UDC)Ys =-1.61731F-23 i
PYSTERESIS, P05 RATES (UDCY: [ ,0I06.2-02 / !
PULL OFFSET (VUDC)Y: =5,720150=03 /

TEST SUAINEED . ..!.AJ&*]
mEALY 7-25-%0 '

TABLE 3.2.2-X




RATE SZUSOR TEST PROGRAL NADC 80081-60
DA]‘E.;Q-”:QQ..OO LX) P”“o—:"?‘/- .'3934.194- ‘—«
TEnp L7, . 0R, | RTINS j

2ATE v ouT Y CALC DS T IDEAL b
. (DEG/ARC) (VUPC) uine) 4

-49,9245  ,ra6 W13 536 -5.36C ;
=98,5134  .6II5 L6080 R te =hA66 p
* =149,734 L9385 .9447 1.143 -3.015 "
-199,551 .,0000 1,050 1,030 -3, 121 ]
; 049,537 |,5385 1.5761 1,16 -0 370 i
{ STeR L. 3T 1.6606 L0817 ks -1.5%a P
349,070 0,193° N.2075 .43 -.615 ,
{ -395,162  0,5300 n,5030 -394 W20 i
. 448,000 £,0790 2.,0300 -1.,070 1.403 3
' -483,82 3,0300 3.,1545 -0.455 0,46 2
oY Y130 PASRE ORI NS SLITh TR A
=390,170  0,.5349 £.59033 - 66 461 i
=349,050  0,1965 DLENT4 345 - .93 ]
A -000 03 1.U655 1.3914% 17 -1,365 §
; 040,050 1,940 1.575° 1.7 -0 148 E
] 199,647 1.0047 1.7€03 1,100 -n o
=~LAS.CTS 9104 M 1327 =3 A6
-89,0049  ,6J34 . 6007 b -3,9°8
=A% ,0030 penn W33 JAET SR ]
H 40,6504 =.3296 - 310 -.070 -n,798 3
. 09,7630 = ,6140 ~.6343 -.635 3,100
142,635 =,9015 - 0400 - .00 - a0e
196,535 ~],0370 1,065 =1 080 -n L a7
048,440 =1,54713 ~1,501¢€ -1,.05 S I 2
G800 =1.0678 ~1.0870  =.008 -1.54%
349,065 02,1857 ~2,0133 =,559 -0
IS0 INT =12.93485 <D ,5009 a6 JACH b
LYY ~0LETI 2D ,3440 06 1201 ]
00,057  =3.2008 <3102 1,004 1,900
AAD AT =Dl PT4T  <2.0446 .95 1050
399,131 -0.533 ~r 5009 JA07 Ja
349,197 =2,1900 -2 .0109 -, 446 - 638
299,351 =1,8715 ~1,0L975  ~.000 1.3
249,434 =1,5537  =1,501€ =.%74 -1,0%0
199,52 =1,0353 <] ,0657 =,950 -0 44
148,650 -,904€ -.,957] -3 -0.6r2
e ,7927 - ,6166 - 6345 - 066 AR
49,0071 =310 -.31a7 - 046 -0.47

TEST SudMmaiy
FILL SCAL.. RATE (DEG/SEC) s
SCALE IFACTUR (V/DEG/SEC) s
BIAS (VOLTS) @ -.4409607
VYOTERESIS, EG RATES (Vhu)ys =3,910]00=-0

) .
PYSTERESIS, POS WATES (VUDC): 3.5337CE=23
HULL OFFSET (VIC): =6,647151 =1 // /
TEST FMGTNEL f; /L/"'7.

7-F !j {

5!’);’
~GINN6ART-3

{EADY TABLE 3.2.2-XI
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‘LADY

OATE SoNSO02 TLST PROGRALN
OTE . K085 ...
TLUP. J2OF, SORRY, .. LM eesd3uenen.

nut gy, (Be23:6 in.

HAI; VoOuT V CALC LT SO INEAL
(hen/ou Gy (Vhe) [QLAI0D]

NYSTERESIS, wh RATES (VbG)
UWYRTERESTS, POS RATES (Vi0)
)

=A9,9301 -, 130 IO B B AR R L AN
=00 Tr0T - ,3158 -.1ee 347 RPN M
~140,714 <302 =020 «R50 LA
=100 00 - 005 =105 “4.:13 ”*'
A . FERK I
“0AR 466 =, 0007 =207 - 005 1.
=000 430 ~ 0343 - JEIT -1 .43€6 !.3/
=348,07% -~ 300 -,2371 =1,040 SO
LRI SANPEAP R I PR, 1 - A0S LHAS S ; 73
.- o . ‘e
L LN ~ w17 - A0 ~C i AIRALRA
SASOL 05 =50 “351p  -l.c6n 1.77)
-y O 1/0 _.347“ -, JA60 _p.\:n n.AAn
¢ £ PR
-395\.1(:, - ,"3 -.'A.I‘nr’ _f\.')("h AR aTEY A
. i, - . T LIRAT G
=340, 07° -.JJ”P LRSI -1 ,82 n. 763
-6 531 - )34 - 337 L S| NLAA7
=049 500 = ,5097 LI FALOR = 4D 1,707
“190.6. . -.a08 - .08 -.158 ion
=19 ]lt -G -0 PREAEE -, 704
=00, 0536 -,0157 LIPS Bt 1,057 - 000
=40,9003 -, 0] -.”H.'- 1,795 - een
19.??15 - il0 -el.-31 2,705 7,000
98,600 Lo 3 Dot 14,670
SN oot R z : ‘
1.e,60, o7 e 057 ﬁ:f‘ ‘ ;,,
1er 503 113 el 1 NLrar o3
a0 AT o154 o144 e D) ..191
828,35 L U1S0 e 107 5 1,47
349,070 PRIV o N30 -1.13€ ~1 441
3a0 150 el A2 TC =2 ,3604 “den
Lat 1 ne L1004 ¢ AIDN -5,937 =0 6.8
400,000 AT I3 63 - ,66C3 EETae
4S9 ,13¢C 1095 e A =5 ,60 -7
300,150 AT ) L I070 -0, “2,500
349 ]0 QA”:)\-Sl 0'1:’.3‘:.'. --ﬂ7ll -.-:'
ﬁ“?.éﬁ? er 176 PEYE At 1,579 NS
nasAre S B ol 4 3,305 [P PN
1o¢,547 POYD PR I 41,340 1!
148,500 i 19 e N85 T s a07 16,00
S, T50€C o 4335 PR A I PR A Ch A5
4¢ 91 - ouil] EPRAY | 4,79) LULAND

TLST SUDARY

FULL SCALL DATE (MEG/SEC) ¢ 5-\1

ACALY FACTOR (VU/DEG/SEC)Y s ¢ 77450805
TIAS (VOLTS) -7 A AR =3
_q 4900 L. 10

TULL "OFFSET (Vb

NADC 80081-60

//
TIOT ALY r)% M71

TABLE 3.2.2-XI1




RATL

SL.I

AT, ARLBO

300 TLGT PROGH

WAl

nul, g

R®24.4 1in.

NADC 80081~60 .

P veosseeseas LN 00 et o0 srsace N
. tEr>. J2F, SO0RRE, L, hab: 14 SR ;,
]
|
RATE Yoot V CALC 7 TS T opag 5
. (LIG/SECY  (UDC) (URC) L
* -0 N3 -l - J11e > e 106 -0, o0z i
06 0I5 = ,0155 -, 316 Q76 -, 00 |
AR TS =, a0 %) -0 .5 100 v
TS T R e - .04 -1.183 nL063 4
~s0,010  =,000 -, 3004 1,07 2,04 -
SRS ATS  T.0335 - I35 =0A00 3,005 |
~259,013 - 9379 -.0367 ~3..149 L a3 65 E
S399,05 =, AL SOV -P.7aP Y :
-449.15L - 3458 - 245 -1, 24l \
“a00. 00T =483 -.3491 ..14 L5915 >
-4& A - . J457 - o345 ~1 P06 [aA A
-39?.#’ - 3410 - J4ae ~0,507 RGN ¥
R A A I I - 3367 -0, 726 3,07 :
S0UO A1 - 2335 -.3305 -0,30 7,091
<Can 500 - 00 R It ~1 454 oo
S190,597  =.2P44  -.3040 o« qa L E
=14f, 760 = 0107 -0 I - 771 &
-00, 0720 =,315] -J316 Ot 11,17 '
RIS Y B 5 - 2 2,140 -31,50]
©ANTOL -0 - 035 4,000 10, nT ]
. JTSG o T RS 7,354
Las.rne LT . 034 £ o0 17,757
159,40] .21 Rt Setia 1o 400 ‘
CH0 LT Ll kT L5132 LT 7.707
. RIS Lali1 N Rk K kel
340,003 a0 e T - 371 -.53]
e 160 YA iS55 =2, 774 = e 74
440070 LIP6S LA0en 7,604 oAt
'99 . 10O MEANES ~11,7%4 -11,777
e Oaulh L3004 RGLYS T7.73% .5 17
390,110 L4939 V055 ~3 042 -5,005
KRN LA APBIR - 963 - R
ERTRET I L LT 1.ose Lol
20488 L3146 13 2.715 7,407
1orL403  Lapos L3300 4,737 11.79¢
149,577 ,J60 «A24R Y071 16,617
806D AT CINE 125 IRt
25,8237 - 0415 = J335 Rt 57,6700
TEST SUMDARY
FULL SCALS AT (DEG/SFC): 5.4 :
SCALE VASTOD (U/DEG/ZSEC) 1 £L.3A2475-05 )
SIAS (UOLTS) ¢ =T.0634%, .~ 13
PYSTLILGIR, (16 QATES (VIG): =d4.363 100 <1y
PYSTORZSIE, 0% PATES (UNC) s 1,370 .00 74 /4/7 ; /i
CULL GFFSET (VL) 3 =C.36002, « /// //
cL/

FADY

TEST Treing

TABLE 3.2.2-XIII
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QAT Se)S0R TEST PROGRAM

PDATE.AL80, . ...,

TENP . W A3OF, | JSO%RY, |

DATE
(M7G/REE)

v ouT
[QUE

rut, 25, X9, in.

NADC 80081-60

CTRE 33

V LAl

QUL

7 INEAL

49,9070 - 2103 -.o11e 5,767 47,6795

x =00, 1400 -, 2141 -, J150 .44 -17.005
S1a9,. 080 - 0170 - .15 Y -6,7
=1e0 G0 -7 - a0 T A
=040 5, -, ul50 -,J051 -1,392 .70
SRR Y CEER AR T D REY 4.7°
=340,431 - ,033 - 317 4,057 5,006
399,343 - ,33K5 - 2340 4,795 Gy idd
-"";901.‘-7"3 = e -.Kj3ﬂ? -r‘o\‘-hl f“.nr.f\
=499,133 - ,4433 -~ 415 -5,466 S ATA
=449, TR2 =04 - 2300 -5 ,5.40 6.125
=399,27 -.,3365 -.2349 -4 ,827 637
349,433 -,332¢9 -e3317 3,005 5,507
=099 400 -,23090 - .00 -0,470 4,13°
=249,541 - ,4054 -.3051 -8 1.244
190,637 -.2715 SN B JT14 ~1,70
-149,0.:%  -,317¢ - 1S 1 .691 - a0
-t 54 - 3T -.21sr 44173 ~nrnee
49,9025 -,5].01 -.2119 54470 SO0
49,0001 EES RIS - 053 7,670 76,000
ce L7610 L  arn 7,745 REEPES K
Lav, rae LT lull 7,510 5,40
oo, 00 ol FRARFI £ hen 10,507
PANLN3T LJaey RO £6 44900 RIS
TN L AL T LT it 1] Y, 3, A0

* Za0 336 3130 LAlad 1,527 =r.157
3no 064 LJIs6 w177 -6,1901 -T 100
449,139 G170 421 - 11,5 =10, 02
AN $ 4105 . 1043 =17.418 =17 443

RN I B
e o015
Dt 3.
AL IS INVERS
Ca0,.590
190,60
140,007
SIS B

46,0501

FULL SCALL
SCALL RAC

PYSTENGIS,

HYSTS OIS,

3171
.J] .C'G
13
.‘51 "r{
o IOy
«IRT
e 3R
oljv,J-I
- eI 7

« 01

177
il
IR
JOITO
REN A
AN
R T
LR LY

TLOT SUBDARY
ANTEE (DLG/SEC) ¢
TOw CU/DEC/AEC) o

RIAS (VOLTS

we G RATES

(QULW

POS BATES (ui):
FHLL OFFSET (VpCH @

3

5,01

-11.037
-0,
-1,.7%,
D03
NI (']
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7.7
RIS

7.903

(O SRKE Sar WL
ERCIN FAR TSI &
=W 3TNN =AY
Q,IEAT -5
=G AS5CAR T A3
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WATS SCU'SON TeST PhoGRar NADC 80081-60

NAT:,. 328780 .. .... RUL X, (R=24 dp;
TR P, J29F, , SOXRH.

eecsevseso s Sﬁf?/’........-...

Y vV ouT Vv CALC TG TOINEA
(ILCH/0ZC) une) cCune)

-49,9377 2069 .05 085 AN
-99.1574 L5078 L 573 -0.071
-149,7¢1 0014 L0155 L7178 -r.5o0
-190,563 1,107 10047 .01 -0,
=150, .61 1,5.501 1.5346 o053 -1.71
To9S,308 1.8200 1e0446 .7 “1.aer
SRAD,DH4 £,1430 2.1543 .36 - S16

SO0, 1T DLACSD 2,464] -.163 noy

=448 ,310 0,0335 2.7736 - 007 .
-490,95 31366 3,36 ~1,705 1,725
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-049,47 1.5393 [.5346 O T -1 €37
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3 SN T713 LR R AR I -.503
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~./°-..JJ EROTS N =0,000n P SR
400 0004 -5 .16 -3,111°9 ] .00 1,65
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200,00 -l.uﬁcl -1.,0706 =005 -, 00
QLU LLT6 =153 -1, arzx -.176 S EhED
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149,67¢ LTSS B ,q17 - 71% CHTT R
LRI NS | o M -.CSSA - h0 0.0
ADGGTEN = 8147 -304 =000 -3,

TEST SUITARY
FULL SCALL PATE (DEG/GFCY: 5A0
CCALE TACTOR (U/DEG/SEC): =600 047103
2IAS (YOLTS)Y ¢ =1.40 ,357" M
-lor 7"1 IS

):
PYSTO IS, 08 RATED (VG e 2,20 772 a3
JULL OFFSET (VRC)s =17 ’u’n"l /

T.aT ALy

TABLE 3.2.2-XV
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4% ss ¢ ep se o0
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AETI CIUSUT TLOT PRt NADC 80081-60
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L-9essess st es e sesesssse 0t

et cadid -

. Ty o JRF, o JSOFRY , | TNk L. 38l L., !

) v oouT NS TR r
oD .
[
el elyl RS =3 ,107 g
J50GH SO0 -3.117 '
4S8 IETHEN e -0, 707
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G4 1.505¢ W07 ~1.7%
BRI 1 0100 ety ~T.027
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RATE S:lSOR TEST PROGRAD NADC 80081-60 |
.’7ATE..§'.2.8.°§9...... RU".:Y...R-*:éciu“c'a :
TEI,P. . zzo}‘. L] IEWMO . SER’ LI ] .%8'l'lﬂ oo 986 ‘l
!
RATE Vv ouT V CALC 7 FS 7 INTAL :
(DEG/SEC) (une) QU f
-4Q,0026 L2874 W205¢ 071 -0,705 '
-Q8, 81106 588K 6350 L5470 -0, 750 L
149,047 L1923 L9161 L7668 -2.5r1 ;
189,607 |,.190¢ 1,205¢ 7€ -0, 194 ,
*  =048,50% 1 L,5AEN 1.535° e -1.690 ,
<N8S, 218 1.8047 1 .0450 L 615 “1.100
349,321 £.1440 2,1552 L354 -.537
-399,205 0,47 2.4652 -.154 L1093
449,136 2,809 22,7752 -0 . Or] ;
-490,993  3,135G 3,049 -1,630 1.643 2
=84S, TS o ost7 2.7756 -.04 . 035 :
-399,04 0 ,473C 2 .4653 - 170 003
349,320 2,145Q ,1550 WZ X - o433
=00, 461 1,806 1.7455 SRD6 -1.345
=249,55¢  1,5115 1.535% « 774 -1.55 )
199,60 1,291 1.,0057 L 795 -1,%9] :
149,760 694 156 L6096 -0 308 :
8R035 L5900 «6JG] 514 -0.57
-53,3415  ,e88 1050 JORS -r.540
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OO NG ~l.600h  ~1.07037  =.004 ~T1.143
349,495 =02 1707 «2,1830 =339 - A0S
309,819 -, 4878 =0 ,4933 Y ol
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b

|
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RATE SENSOR TEST PROGRAD
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TCST SPAINET

PEADY TABLE 3.2.2-XIX

33 [




DATL ZLooson
"pllolit QQQ..OQ‘.
T J2OF, L SPERH .

TS
(rO/T00)

voouT
(VRC)

RN A T b1

ST PUOADAL

NADC 80081-60
PGk . SRR848, 1
SE2reee.38b.....

SOy
O o

Y CALC S Poree Ay
QUE!

N -

14
oe 1T = 00177 -1 T4 1,47 Toh %
-1.49,t -,Jlee S e ERAPR N 7.5
-]0oe H17 - 000 FOS PR -1.,60 Lo
LA LAL = L aBre . 300 mleGan  r.oun
=089,478 - ,4240 =~ 9244 il 1,770
=349,291 -,326G1 ~ 3261 447 -.SHP
=399,177 -,49275 -.on19 1,076 A
*  =AL00LA 0 - ,080 RETANIR S0 -«.J“
<490, til - ,03d0 ~ 0313 14 AN,
IR ST VAt ~.J000 G0 ER PR
R TRl A AN 1 -, 00 1,005 A ie
Y74 - ..ﬁ?t\l - .Jf‘fl S

-

-iac

PR
-

P
o 13

=~ 0L
-~ 00T

~..anae -?.JA#

S R ~lell”
- 174 =e™
~e 10T PR
LIPRTS BN -1."
- ~o M -l.0rC
- e ’ - or
-~ "'
- 0! 73
-, T l.‘”‘
“ e ‘-‘l'l 1.']
I N o
. 1 PRI |
R 1ot d
o il (R
VA 1./l
e HE Palad
..t 30 RCPH S
e L -o":‘l
-, 70 = .00
LIS =1,rrs e
-1 LA 11,07
- 0T ~ Jl"" ~"e3 -0, Th
TS5T U0 0AR
VULL SGALL ATE ER/TEG) o
SeAL -dUT" (V/YEG/S.t) DTN E T 0

CYSTL TG, e AT
veT "A.'TI-", [ I.I\Ttu"
L OFFSe T

Il\\

CUGLTD)

SR ALY
(UL Ys =0 200t s -0
[QET TS}

(vou)

O

'I.",In“‘ “

g e 4,%/‘&///
-y /

La] kL
e R

TABLE 3.2.2-XX




SCADY

AATE Sokcel T

NATE . 4080 00,

TEMP, J12°F

50ZRH

HEYND vVoalT
(REG/SECY CVDhe)

~ao
fored

PROGRAT:

L,

TFER#

v CaLG
[QUEIPD]

Z... R0,

secsve

-381-

NADC 80081-60

in.

e s ese s

“50,0105  ~,.215] .14 ~3,601 N
-0e 79 -, 63 -.J15n -3,63¢ 19,7245
=149,04 -, A7 L Ko -3,00 1,8
=109,63]  =,41¢3 - A1T -0.0r04 7,270
-840 6007 =184 - .41 91 -0, 140 4,335
S7PA% _5/% - 400 - AnJde - pX0 R
SRE0 ARG - 8D -.I013 3,134 -h, 847

% =300 300 -, 400 - 400 S.117 -C a0
PRI I L To 2 ) o754 -0, 740
—a90 175 - ,40°30 -, 004K 12,003 PR
a0, 01 <L areh - 035 DI 1T
300,004 - 010 - AnP4 £ .00 -7.27
-3.8,302  -,u001 SN I faal7 -3 45€
SRRV LIS A, AR -, onn -, 317 L5060
=040 000 -, 4103 ~ M0 -1.%79 R Tkt
o SR ] ) A i 4,441 1a.117
149,00 -.17¢ -.7160 -65,07F 19,994
EERFEE TR R oS e bt ~7,030 XAl B
SME P AT Mis =, a1a7 -7.7€3 T, 6000
A4S L 065 - 134 SN} =7.63¢ -~ T76.5007
ce 703 TS B - 3114 -€ .0 =34 8000
149,761 -1 -l 2 -6,006 -12,009
oo 6 SAPPTE | - 1203 -n 200 18,0

» D40, 400 - t203 -,y =) ,747 -0, N
HERIREE B | -t EIRRYS -t
Q49,0004 -5 7 - € A/ Aot
ARSI AN - oAdan - M40 5,021 7,20
44C 1.7 R I -, 286 12, 440
400,9K5 -, 310 - 1307 13,070 12,7
K49, T83 PR - A3 RN [ Ia
300 |55 - Al - AN G179 7,735
349,095 L Y - l6 AR FARKY
Pue 369 - 317 - 007! XC L0
nan 414 - ARG -0 =054 SRS I B
100 547 PR KIS -, 230 —a o - 17330
pac,ent =021 SEIRY -S4 =10,
cuLITIN ] FEA ) B R -6, 00" 24,5040

-T1.PRAe

44,0610 -

I3

TEST SHEMARY

PULL Seab BeT
SCALS FAaCTUR
JIAS

hYRTERES TS, e
tYSTe

fitill.

GoORATES

)
i51S, P05 PATES (VNG)
)

OFFSET

(DEG/SEC)
CV/DEG/5EC)
(VOL TS

544

une

(Ve

TEST

TABLE 3.2.2-XXI

53

=710

2197451 -5
3 ISR LU AL S
=5,917°55-35

[ Ea- R AN I

. /7
] RS CALT = '//
1 250CA47 =0 /L

MRS ST

X3

e g ey ————




e e e e e vogid33 .

AU L SR S o, e T T IR xS T o T e e

[IXX-2777¢ 318vl
SIT2AITIL S1 Akee

o TEINY 4 INY ae fa- "Xe 802 1832 INITEOVE L 1OV 150d wli CANIVY O VIVCe
| N X N ™ v \ J3$/23C/ X ¥OLOVE ITVIS
09°¢1- 0$°€l- 0%°9- uon«”.' 1 46°0 roze AR 135430 TION
M 7100" - T€20°- | L€00°+ 20€0°- { SBI0'+ | €€70°- [ 6820°+ _ﬂmmi.- U900 ' ﬁqoo& ¥710°+ | 660C°~ miwsp_ 008 2-
w. 7800"~ 7610°~ | 2500°~ 6220°- | 7600+ $520°- | L7107+ __ 1620°- | €00+ ﬁ Z000°- | 1BOG'+ | 670CT-, €077 W« oS 2-
2 8c’9 1279 SE°9- ter9- 0e79- 2C79= ' 33s/o3q/aK OOV TTWIS
M 09°€l- 09°€1- 07°9- 0z°9- 86°0 o1°¢Z _ AR .EM*M .ﬂ.rﬂ.:lll.lu
= 2100°- z€20°- | $900°+ | 8€€0°- | $BIO0'+ | €€70°- | 62€O°+ 02507~ | 0900+ _ £€700°~ | %810+ mﬁo.u“ 1259y 00§ 2
7800 - | 7610°- | £%00°- 1920°- | 7600°+ | $ST0°- | (SI0"+ L6307 | 160G 4_ 2000~ | €600°+ amo.n.-“ €791°1 052 2+
87°9- 12°9 - SE 9 €9 0t 9- 29~ : 23$/930/ AR ¥O1OV4 ITVOS
$8°L- 66°11~ [ 19°9- (Y54 %62 AR 135440 TLN
87L1°€~ | 6991°¢ | 0991°€E-| 8SEI'€C - - 82227¢- | TITUC | 0v6ITE~ | 5602°C | vSSTUE~ | 9z9t°C 9tstw 00¢ i-
0evS 1~ | 9825°T | 6BES T~} ZOUS°T | %296°T- | 68SS°T | 06%S°1- | €66 1 | 1€8°1~ | sgvs'1 | 9€26°1- imm.u“ %811 oSz A-
87°9- 0z°9 - s€°9- SE°9- o€ ‘9~ 2z2°9- N 235/93C/ A% BOLIVA TTVIS
$8°L- [AM AT $S°S- oL g~ €Lz %€ AW 135430 TIM .
|LT €~ | 6991°¢ 1661°¢e=| €2E1°E - - (X222l % — LT8¢ C761°¢- | S60C°¢ 671°€~ 9ELY 00¢ 1+
0E%S 1~ | 98Z¢°T TSES T~ | 7406°1 9295 1~ | 685S°1 80SS "I~ m €671 1€96°1- | $8%S°1 91T 1~ | 997671 781°1 1,14 ie
8Z°9~ 91°9 - SE° 9~ yL°9- 0t "9~ 7T 9- _ J35/93C/ AR ¥OLIVE ITVOS
S8°L- <871~ €676~ 8C°S- LT S €« AW 13S4d40 TUON
87L1°C~ | 6991°¢ | wisi-e-] wvzi‘e - - €22 672°¢ | onel e~ | seoz'e | 9o9t-e- | evcive] 96scy 00§ x-
O£ T~ | 982¢°T | 9€€S°T~| E¥OS'T | %2951~ | 68S6°1 LTSS 1~ ¢ 98¢ 1 TEYS 1= | §8%5°T | 0L258°T- | w2es Y] 981°1 +14 x-
979~ 12°9 - $LU9- €°9- ot 9~ T 9~ J3S/03G/AN ¥OLIVI TTVOS
8L~ [{ 94 5 1498 4 ot "S- €L+ $6°€+ sy AR 135440 TIIM
87L1°€~ | 6991°¢ €91°¢€~] 99¢E1°¢ - - L812°¢~ | €8€2°¢ 561°C- | S60Z°€C SOU°€E~ | 78L1°C | 9€L°Y 00¢ X
0€%$°1- | 98251 6LE5°1-] (80S°1 9296 T~ | 685S°T $97€ 1~ | BI%S°Y 1€96°1- | s8%S°1 6LT8°T~ | LTES L] 98171 1,34 Ie
n [[%5) [*] [[le}e] n [ ek n [y k) n no n L=r] 2 23s/03a | z w0 A X
o¥32 1l sagveiv 0432 SI1QYY 1¥ s0¥32 SNiave 1v 2ive CGFTAOV
T8¢ N/S TLC N/S SCE N/S S1XV 1

(S1704) 1Nd110 3IVIT0A
YIVd ALIAILISN3S - 9




NADC 80081-60

3.2.3 Data Evaluation

Using Table 3.2.2-XX1I, the acceleration sensitivity of the "Superjet"
was calculated for the "Maximum Performance Escape System' scenario

The G-sensitive terms were reduced as follows:

et e ety e —
- s - . 4

(V-NO) _ (V-NO)
Gs = ( SF )At Radius - ( SF )Zero Arm Eq (5)
where:
Gs = Acceleration Sensitivity (deg/sec/g) I
V = Voltage Output Counterclockwise or Clockwise %
NO = Null Offset =
SF = Scale Factor at Zero or at Radius (volts/deg/sec) ¥
G = Acceleration Level in Units of Gravity g (where g = 32.17 ft/sec2) s

The G-sensitivity was calculated and is compared with the manufacturer's
G-sensitivity data as shown in Table 3.2.3-I. The values obtained by Martin
Marietta represent the worst case for each individual axis. The manufacturer's
data was evaluated by accelerating the axes at 20.0g and positioning the
rate sensor on a rate table to be rate insensitive. This was done on a 4.0
inch arm at 2500 degrees/second clockwise and counterclockwise. The G-sensi-
tivity data was calculated as shown for rate insensitive orientations:

Vew + Veew
Cs 3G(SF) degrees/second/g Eq (6)

where:

Gs = G-sensitivity

Vcw = Voltage Output Clockwise

Vcew = Voltage Output Counterclockwise

G = 20 g where g = 32.174 ft/sec?

SF = Scale Factor (nominally 0.006 v/degrees/second)




G~SENSITIVITY COMPARISON

NADC 80081-60

AXIS ACCELERATED MMC MANUFACTURER
]
DEG/SEC/G G DEG/SEC/G G |
X 1.33 1.184¢g 0.13 20g
Y 1.68 1.184¢g 0.14 20g
z 0.90 1.164¢g 0.02 20g

TABLE 3.2.3-1

It is questionable whether it is correct to calculate the G-sensitivity
term by averaging the clockwise and counterclockwise rate outputs, without
considering the rate outputs in the absence of acceleration, since these out-

puts are not necessarily equal to each other.

For tests that have the rate sensor input axis parallcel to the rate
table axis of rotation, the rate sensor would gradually go into saturation
at rates above 500 deg/s so that the difference in output would strictly
be a matter of difference in saturation and not necessarily due to linear

acceleration

The G-sensitivity data for each direction and g level is shown in

Table 3.2.3-I1 along with the manufacturers data.

Included in the table

are sketches showing sensor orientations with respect to the acceleration

vector and centerline of the rate table.

The sensor sketch shows the wires

and jet axis orientation. The arrow inside the block is the jet axis.
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G-SENSITIVITY = DFC/SFC/G

NADC B0OO081-60

AXIS —w
ACCELERATED 1 355 n 181 NOTF HAMILTON STANDARD :
—_— USRS SEPII S SIPIR S - - - "
' cew | -0.311 41,30 10235 1 ' 4
4 cew ~0,060 - +0.326 ? [e)
N — - - - '0 11
I 11022 ) l
40,646 3
40.706 1 | s
10,446 2 o
L ——e o | v
+1.37) 3 l k.
L +0.753 4
40.401 1 .
| cew | -0.179 - 40,1355 2 | b
S b e R e B T .
l cw -0.147 ~1.563 +0.979 3 I !
PRI SV SRR DU R o'o
L cw -0.12% - 40.547 4 SO
cew -0.228 -1.68) +0.390 1
l ccw +0.286 ? l
-y —f— l@' - - S, - . 16 .
cw 11.206 3 g
| — - SU | olo
cw +0.075 - 10,692 4
e e e ] I I I o o
cew +0.902 40.605 40,659 s
‘ cow 40,324 +0.306 40,1370 6 | —
v |—- AR B B e (®)
l ow 10,705 +0.834 40.520 7 —
RO 4 - — .- -
cw +0.192 40.41N 10,271 a l
' — cow 40,793 | +0,408 ) H\-.I-QO 9
cew 40.2% .20 10,249 10
-2 —f—o- cm - . B .02
ow 40,508 40,702 10,422 "
L | v +0.242 40,44 10,165 12 j
——————— L . .em - - <A P - - . :
Notes:
1) 250%/s, 1.184 ¢ S) 250%/s, 1.1641 g ) 25/, 18037 ¢
2) 300%/e, 6.736 g 6) S00°/a, 4.657 g 10) SO0 /w, 4.R1S g
3) 250%/e, 1.184 g 1) 290" /m, 1.645 g 1) 250% /=, 1.2007 ¢
4) 500°/a, 4.7%6 g RY  SO0"/n, 4.657 g 12) SO0 /a, 4.R149 p :

TABLE 3.2, 311
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3.3 High Temperature Sensitivity

3.3.1 Test Setup and Procedure

The test setup for the +165°F +50F temperature sensitivity environment is
the same as the baseline test setup except for the addition of heat.

A thermistor was mounted under one of the rate sensor mounting screws.
A portable environmental chamber was mounted over the 8"X8"X8" test cube on
the Genisco 1100-2 rate table. The heating coils located on the test cube
were then connected to a temperature controller located in the rate table
controller test console. After temperature equalization and soaking for 45
minutes minimum, the tests were run.

The temperature was monitored and controlled continuously throughout
the test. A test schematic is shown in Figure C.3~1 of Appendix A, Part C.

The procedure is outlined in Appendix A Part C of this report. There
were no deviations from the test plan.

3.3.2 Test Results

The test results are presented in the same form as the baseline test.
The scale factor test program results are shown in Tables 3.3.2-1 through
3.3.2-X. Tables 3.3.2-XI through 3.3.2-XI1I show the output drift charac-
teristics at different rates. The null offset measurement was added to the
printout to monitor variations from setup to setup and day to day. From
Table 3.3.2-I, a plot was made to show typically the high temperature effect
on the output vs. input. This is shown in Figure 3.3.2-1 for S/N 355 and
can be compared to the baseline data at room temperature recorded in Figure
3.1.2-1.

Readytime, threshold, and resolution were measured in the same manner
as the baseline test.

3.3.3 Data Evaluation

The high temperature (+165°F +59F) sensitivity data for the 3 Superjet
rate sensors tested produce the following worst case evaluation:

1. Full Scale Rate at +2% Linearity Error 625 + 75 deg/sec

2. Scale Factor .0062 +.0002 V/deg/sec
3. Bias +3.24 deg/sec

4., Hysteresis +.25 deg/sec

5. Threshold <.1 deg/sec

6. Resolution <.1 deg/sec

7. Readytime .068 sec maximum

8. Drife +.36 deg/sec/min maximum

A breakdown of tests data for each serial number is shown in Tables
3.3.3-I and 3.3.3-11.

RS




NADC 80081-60

It is evident that the high temperature increases the full scale rate
at +2% linearity and null bias appreciably. This is due to the fact that
the Superjet sensors tested are not temperature compensated above +145°F.

Readytime increased slightly but is well within the 0,100 second require- -
ment.

o
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RATE SEnsol TEST PROGRAM NADC 80081-60

DATE . . 3512-80 HOT

-o‘--ouoooooo Rl”".oonaoo-ooooo

TEMP. . 183F. . .eess SEN#* 44333 ceeecen

! NATE vV oouT V CALC 7ops 7 IDEAL
a3 (DEG/STC)Y (Ung) CVne)
i -49,9545 330 3111 .3 -3.336
; -Q8, 0306 ,5955 L6145 506 -0.636
| 148,773 L0971 L9171 .69] 0,336
i 199,745 1.19C1 1.000 L7683 -1,972
‘ -a%,0a0  1.530% 1.5055 LT56 ~1.514
3 099,610 1.8130 1.6093 L6209 -1.J1c
340,51 01036 n.132p 3l L43
] =390,006 10,4413 P,4355 -.19 .930
* =449,402  2,7649 0,7430 o1l Lour
=499%,045 5..3945‘ 3,3433 =1,67" 1.675
«448,367 £,7658 Q.74 - .47 . 943
~3990,36  £,4401 0.435% AR .053
1 -549.537 L1041 2.1332 JIAD - 430
099,565 1.7113 1,200 o0 -.973
540 L6683 1,503 1.9056 740 -1.406
199,751 1.1907 onn L765 -1.916
149,759 8877 Lo1n .67 0,030
-9, 040 5001 L6151 505 ~0L607
-49,8000 L3800 WLS113 321 -3.200
49,5530 -,0099 -~ 0950 -. 194 -1.94% .
* 99,7568 -, 54€ -.,5993 - 406 -0.134
149,664  =,004€ -,9308 -.507 -1.99¢0
199,574 -1.104% ~],0363 =,75 -1.765
249,559 =1,4005 =1 ,5133 -,716 -1,435 |
299,495  -1,7956  -1,314 -6 1,226 R
349,350 =0,1868 =0 1170 =,340 -.409 &r
300,851 =0L4006  =0L4DA6  LI66 L3673 |
449,038 =0,744 -0, 46,638 711 !
499,130 =3,3734 =2,.000 1,393 1.395 |
449,008 =0.7447 =02.7249 650 L1006 ‘
399,046 =0,4234 =2,4006  L,29) W14 !
349,354 =2.1376  =2.1172 -.3l4 -.449 |
298 4dk =1,7963 =1.8137 =,57 -, 957 |

240,576
199,609

-1.4095 =1.5144 =686 -1.274

-1.1861 1,227 ~ (8] -1.720
149,738 =.3857 -.0033 =579 =1.93" f
89,0090 -.587¢€ - +5996 =393 =1.,969
40,0648 = 2849 ~e2959 =.165 ~1.051

TEADY

FULL SCAL

HYSTERESIS,
I'YGTERESIS,

TEST SUMMARY
t RATE

8IAS (VOLTS)
HEG RATES (VI
POS RATES (VDC
ULL OFFSET (VDG

)
)
)

(DEG/SEC) ¢
SCALE FACTOUR (V/DPEG/SEC):

T

53
-(L.301P0E-33
7.,32315F=23
=C AN T6E-4
1 OR63AN=-A3

A /
€ AN AR =3 Q 1y
X . é{ X Lb/ R

ST FFAINE

TABLE 3.3.2-1
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RATE CEHSOR TEST PROGRAM NADC 80081-60
DATE., 3312°80,..... RUN....HO% ..., C
TEMP., 164°F, ... .... SERF...335...... {
RATE v ouT V CALC 7 FS 7 IDEAL j
(DEG/SEC) (VDC) Vnc) :
540366 2978 23301 S ~3.,419 ;
~90,9017  ,5933 . 6494 579 ~3.1¢
x =149.051 L8849 L9139 .80 -0,87 "

~199.766 | 1&19 1.2122 .913 -2.515 ;
245,732 1.,4821 1.5138% .955 -2, 104 .
~299.56  1,7869 1.8146 . 835 -1.534 .
349,563  £,2953 2.1165 <637 “1.233 b5
-390 ,436  2.,4J91 2.4176 .256 -.353 ;
449,468 2,7280 2,7196 -0 343 {g
499,350 3,2543 3.2202 ~1,289 1 111 4
549,314  3,38400 3.,32045 ~1,.881 {.823 5}
-499,26 3,855 3.9023 -1,244 1,151 §
440,338 2,730 2.,7192 ~.35 400 4
-399,45] £,4116 2.4177 J1R4 - .253 F
-349,54% £,8975 2,1164 L569 - 895 ¥
090,573 1, THO 1.0147 175 -1 .404
049,795 1,4840 1.5137 W07 -1.915 i
-199,692 11,1844 L2117 LB -n.07 ,
=149,957 L6478 9129 .697 “0,.559 ,!
-99,9284 5906 LRU95 LSO Y
-53,3230 L0903 3281 JPES -0.910 e
42,8536 - 0o ~. 0047 LI N -2,.,000
€O.777 - ,579] ~.504]) ~.510 -p, a5

. 149,001 = ,0739 -,700) -7 “rLGTO
199,660 =1 1710 =1.1881 =54 -0.315
4% ,5%, ~1.4716 ~[ 5236 - 373 -] 4OP5
299,510 ~1,7749 ~1,000 - R16 14497
IAN,5A0 =0 ARPO -2 [339 =, 637 - .09y
399,433 -2 ,305¢ <0 425 - 03 -.300
449,360 -0,T7138  =2,T466 L0117 W66
459,207 ~3.0373 =3,3276 096 Lare
549,187  ~3.36596 -3,3292  1,7i 1,710
499,183 3,237 =3.3274 0 TR
sa9.001  ~n,715 ~0,7261 269 .328
300450 -p.387F  -n,4353 - ,245 - 337
340,466 -0, A48 ~7.1335 =564 =708
299,483 ~1,777 ~1.837T  =,748 ~1.37
SAR,6I% -1.4737  =1.5336 -.013 ~1.797
199,637  =1.,1735  ~1,199 -.769 -2.01n
149,759 -.8763 -.8979 - RS -2.387
99,7399  -,5811 -.5959 - . 425 -2.453
49,9074  -,2874 -.0295] -.23 -2.535

F TEST SUMMARY /

FULL SCALT RATE (DEG/SEC): 550
SCALL FACTOR (VW/DEG/SEC): =6.336%4E-23
BIAS (VOLTS) @ 6,21 719E-03
HYSTERESIS, (EG RATES (VUDC)Y: =D, 0AA31E-03
HYSTERESIS, POS RATES (VIC): 2,3°095E-3
HULL OFFSET (VDC): 6,4200770-03

4 TABLE 3.3.2-11 TCST TUGINEERETS




NATZ SENUSUR TEST PROGRAW

DATE...3 12380 ...

TEMPO...].GQ?F....Q..
RATE vV ouTt
(DEG/SEC) (VDC)
~49,979 391
-99,93183 .5%62
-149,925 .8%35
-199,.761 1.19%28
=249.671 1.4959%
* =299,582 1.8024
-349,551 2.1141
-399.,519 2,4305
-449,387 2,7528
~499.,353 3.2887
~549,27 3.41375
-599,226 3.75133
-549,275 3.41371
-499,329 3.0829
-449,445 2.7535
-399.516 2.4314
=349,56 2.115
-299.,5%7 1.8333
-2495,724 ].4966
-199,75¢ 1.1936
-145,832 .8542
-99,.9d48 ,597!
-50.2005 .3215
49,8772 -.2882
99,7399 -.5835
149,718 -.8%24
* 199,638 ~1.1794
249,552 -1 .,4817
299,52 -1,7872
349,468 -2.08971
399.285 =2.4114
449,256 -2.7314
499,165 -3.0566
549,182 -3.38697
599.127 =-3.72146
549.1¢8 -3.38781
499,292 -3.9574
449,332 -2.7324
399.391 -2.4125
299,51 -1.7835
249,599 -1.4833
199.687 -1.1811
149,786 -.8821
99,767 -.5849
49.8976 -.2894

SCALE FACTOR (V/DEG/SEC):

BIAS (VOLTS) : 8.41262E=23
NEG RATES (VDC)H:

. HYSTERESIS, POS RATES (VDC):
NULL OFFSET (VDC):
TABLE 3.3.2-111

HYSTERESIS,

RUN..HOT, L ae

+

SER#..3%5 . ......

V CALC
(vDC)

3139
.6193
.9248
1.2295
1.5346
1.8397
2.1452
2.4507
2.7555
3.0639
3,36614
3.67152
3.36617
3.2€08
2.7559%
2.4526
2.1453
1.839%8
1.535
1.2295
. 9243
.6191
3141
=-.2965
-.6013
~-.5268
-1.212
-1.5171
-1.8225
-2.1279
-2.4324
-2.7379
=3 .343
-3,34867
=3.65399
=3.,34866
=3.,2437
-2.7383
-2.4331
-2.1283
-1.8225
-1 tsl74
-1.2123
=.9972
-.62'5
=.2966

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 632

~ FS

.352
.63
.852
1.002
1.058
1.318
848
«549
273
~.539

-1.298
-2.,176
-1.296

-.548
+ 365
«525
«826
« 995
1.246
«979
«821
.602
.344
=206
- .485
-.72
- .888
- .966
- .964
-.839
-.572
-.l 15
372
1.9044
1’84
1.968
373
-.163
-.562
=823
-.926
-.%931
-.85
~-.686
=451
-.196

-6.11297-233

-9,174355-34
1.63754E=23 __
6.63 76 7E-03

% IDEAL

-4,222
-3,78
=3.411
-3.235
-2.541
=2,239
-1.456
-.825
-.2983
647
1.418
2.175
1.416
.658
-.J86
-.782
-1.417
=1.5%94
-2.,512
-2.94
-3.287
=3.614
-4,125
-2.714
-2.915
-2.886
-2.668
-2.322
=1.931
-1.44
-.36
-.234
«447
1.141
1.842
1.166
»448
-.217
=-.844
-1.413
-1 0856
-2.237
=2.553
-2.747
=2.71
-2.361

NADC 80081-60

—#i-/;/--+<;——l

lons

/-
¢ L

/
TEST ENGINEERG. S . wu v,
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b
f
RATE SENSOR TEST PROGRAM NADC 80081-60 f
- I)ATEI;}:l%-.agQOQOIO RU”. ...uq'n.l.... f
TEMP. . 103% ceennne SER#eeadlleanene ;
RATE vV OUT V CALC % FS T IDEAL &
(DEG/SEC) (VDC) (Unc) \
-49,29a7 ,328 $338 392 =3.142 r
-99,03415 L6401 L6556 W12 -2.453 |
*x  =149.734 9549 .9735 .73 -1.949 ;
] -199.575 1.2735 1.2902 .68l ~1.365 L
-249,431 1.5567 1.6282 L452 -.775 i
-299,397 1.9253 1.9262 LA37 -.349 "
-349,253 2.2595 2.2436 ~.635 727 k
-399,125 2.6 2.5611 -1.509 1,532 &
=349.218 2,0644 2.2434 - .666 .763 :
-299,326 1.9258 1.9258 2 2 Fy
~249,456 1.,5973 1.6283 $435 -.697 ¥
~199,556 1.274 2907 .654 -1.31 b
§ ~149,759 .9557 .9737 . 186 -1,485 £
-99,8] 6437 .6557 589 -2.36 ¥
~49,9443 3084 $3383 327 =3.1 '
i 49,8822  -.2935 -.2972 -.146 -1.169 E
*x 99,7518  -.6248 -.6147 -.39 -1.5G3 y
# 149,593  -.9136 -.932 - 505 -1.424 r
. 199,557  =1,0348  -1.D -.597 -1.157 r
249,40 -1.5552 -1.5675  -.40 -.77
299,275  ~1.8799 -],8848  -,193 -.058
349,188 -D.2299  =2,0026  .206 .308 X
398,967 -2,9455 =2,51%4 1,273 1,306
349,182 -2,2125 -2,2225  L312 $357
099,271 -1.6827  -1.884%  -,l6l -.215
249,439 -1.5561  ~1.5676  -.44S -.721 ,
199,574  =1,235%  -1.2531 ~-.56 ~1.174
149,672 -,9196 -.9325 -.595 -1.35 §
! 95,7619  -.6859 -.6147 -.342 -1.395
49,0748  =.2944 -.2572 -.11 - .80 .
j
i TEST SUNMMARY
FULL SCALT RATE (DEG/SEC): 403 l
SCALE FACTOR (V/DIG/SEC): =6,36587E=43 _
BIAS (VOLTS) : 2,832022E-22 '
JYSTIRESIS, HEG RATES (VDC): =7.75695E-34
HYSTERESIS, POS RATES (VDC): 1,.12939E~23 .
HULL OFFSET (VUDC): 1,76674E~22 44/ /
TEST ENGINEER S Qﬁ?./\

nEADY 2-13-%0

TABLE 3.3.2-IV ’

AEMEER e S . «
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e

TEADY

RATE SLEUSOR TEST PROGRAM

PATE .. 3313-80

Seesssse

rut.... .50 .. ...

SERF geedlduness

TLST SUMNARY
FULL SCALE RATE (DEG/SEC) ¢
SCALE FACTOR (V/DEG/SEC):
BIAS (VOLTS) @
HYSTEPESIS, HEG RATES (VDC)H:
WYSTEREGSIS, POR RATES (VUDC):
ULL OFFGET (vhe):

T

SAS
~GA1T530=-43
24191 96E-37
- 331663
15600270 ~23
D169RA4

IST ENGINEERNS

TABLE - 3.3.2-V

66

e BT LI VRO IO

NADC 80081-60

RATE v OuT V CALC 1 Fs 7 INEAL
(DEG/SEC) C(VIC) (yne)
-49.9440 3067 3404 A9 -4,900
-99.7980  LA3% 6624 7181 -3.813
-149,67¢  .9523 .9005 L041 -3.140
x  =199,507 1,27 {.390 1. 98 -0.576
“P49,477 1.5900G 1.600 .S44 -1.093
-099,373  1.9236 1.9432 S7am -1.175
-349.252 £.02545  2.2632 272 -.38%
-399.145 ©D.5944  £.5834 - ,343 .43
~449,208 £.,9395 5.9036  -1.12 1,047
~498.967 3.23701 3.28 -1.967 1.9
<4AS.42  £.0398  £,9335 1,133 1.26P
-399.157 £.595¢ 2.5835  -.365 450
-349,P63 2,256 2.0633 onn -.306
-098.87  1.902 1.9425 637 -1.964
-P4%,450  1,5947 |.623 .£90 “1.820
-199.517 1.2717 {.3903 954 -5.30
-149,735  .9538 .82 .9 -3 .95
-00.RI66  .658 LGGD4 L7109 “3.631
~4% 000 2176 D403 JAR -4 .62
49L,00AG = .0033 S.enne =154 -1.539
00.6976  =.6430  =,GIT7O =, 435 “hay
149,615  =.S168 = ,9380  ~ 6€S -0.001
190,471 =1.0304  =1.0880 =200 OTY
*  DAS.ADL =]1.550 =1.578G =.0P0 -1.661
099,53 -1.876  -1.8%a8  -.13 -1.191
349.066  -0.0085  -p.PlOS - 437 - 600
290,440 ~0.54 -0.539 L34 .40
447,970 -0.883] ~0.504 645 LT
A9E.00 =3.8039  ~3.1793 1,39 }.393
AARLQ3  =0.8840 ~2.080]  LRTC 755
390,441 -0.5412  =0.5389 )7 27
340143 -0.036G7  =0.016T - .375 - .53
299,31 S1.8770  -1.8989 -.676 “1.129
S40.410 ~1.5536  -1.5187 =701 -1.567
199,503 =1,2332  -1.2505 - ,770 -1.933
149,647 =.9180  -,9304 -.631 R
N9, 7585  =.6350  ~.6183 - 406 -0 T35
49,064 ~.084 -.2981 - 120 =1 .0485

4




RATE
DATE.. 331

TEMP . e 3163%F . v evns

RATE
(PEG/SEC)

~49,912
=98, 7908
=149,632

x ~199,566

=245 420
-298,331
=249 ,267
=399.116
=449 ,0%4
-498%,956
-540,769
=498,84%
=448,906
=39%,115
-34%.22¢
-299,099
-049 492
-199,543
“149,64%
'09.01 52
-49,9030
48,5697
83,7°8)
149,501
199,466
249,41
290,897

* 49,037

8,079
449,80
498,87
548,775
498,811
448,95
309,348
349,17
000,065
249,430
[99,532
149,50]
59,6746
49,8513

FULL SCALE RATE )
GCALE FACTOR (V/DEG/SEC)
2IAS (VOLTS)

HEC RATES (VDC) @

HYGTERESIS, PUS RATES

LULL

HYSTERESIS,

vV ouT
(vhe)

3264
«6377
«9523
1.26900
1.592
1.9235
22545
2.5942
2.9392
3.,286733
3 .6349¢4
3.28789
2.9433
2.95956
L.‘SG
1.9219
1.5942
1,2715
« 9536
.(3°l
MK
- 0030
-, 634
-7
-1.2307
-1.5504
-1.0764
-ﬁ.?ﬂSG
249406
’) (<t)k‘
=3 .2245
~3.56964
~3.2253
~2.5816
~2.540
~D.20T0
'l 08777
~1.5539
~-1.2343
-.9186
-.60854
-.294]

CESOR TEST PROGRAM

80......

NADC 80081-60

RUN,...8QR .00
sER#I.‘aZl.C.O..

VvV CALC
(vDC)

«S446
« 6664
L9879
1,31
1.6316
1.9535
2.2756
2.5972
2.9195
J.C4l12
3.56255
3.0434
2.9183
2.5972
2.2753
1,98533
1.630
1.329¢
. 988
+666G6
3447
-.299
= .68206
-.0400
-l .264
=1.5862
-1.%a¢
~2.80391
~0.5539
=0,.,8737
=3 .1953
=3.51716
=3.1949
~2.3733
-2.5514
-2.8297
~1.,927%
-1.5861
=1.2644
-.9422
- 6243
=-.2909

TEST SUMMARY

TABLE 3.3.2-VI

(DEG/SFC

OFFSET (VDC):

554
=€eA5

~ FS

513
.5A0
1,223
1,132
1ol

130
.97
176
«40
-.163
—.467
s 711
.{‘(7’)
£ 957
'.?ﬂQ
-.69]
-9
201
023
1.479
856
033
- 265
- .633
-.051
~.91
- B49
-,665
410
-ulsc

5AE= A

?..rssav-dﬁ
~1.67777F-

(UDC)Ys 1.,62T790E-3

TEST

67

1.674275=-02

THGINEE

7 IDEAL

“5.652
-4,457
-3.685
=3.101
-2.400
-1.7302
-.935
-.114
«679
1.423
2.445
1.473
£ 157
-.259
-6
-1 .607
-2.351
=2.870
-3.565
=4.,273
'5.39(
-! 0“9
576
-?.613
~2.432
?0090
=1.634
-1.3389
-4
« D48
<827
1.462
« 544
.06
- 366
-.997
- 1,564
=207
=034
-:".447
=2:329
=1.49%

3

a3

e

27




RATE SENSOR TEST PROGRAM

DATE., 3713780, ...,

TEMP. . 363%E .. uuue

NATE
(DEG/SEC)

-49,9808
=99 ,9464
-149,9
-199,742
*  =249,732
-290,587
~349,546
-3%92,516
~449,434
=499 ,363
=549,294
=498 ,290
=449,335
~398,419%
~349,.525
=294 ,61
=049,73
-199,793
-[149,086
-99,0027
=50,3958
49,9049
x 99,7941
149,713
199,672
249,626
899,450
349,398
399,326
449,39
499,246
549,00
499,193
449,236
309,347
349,436
299,541
248,616
199,671
149,669
99,7632
49,9565

IYSTERESIS,

)
HYSTERESIS, 0S RATES (VDC):
)

v OuT
(Vhe)

2001
«5811
3841
1.1887
1.4966
1.8372
2.1225
244405
L.7614
3433305
3.43551
3.0843
2.7623
fe4415
2.1237
1.0488
1.42798
1.169C
.5851
0582
L0827
-.3027
=600
-.925
=1,2299
~1.5374
~1.3478
=2L1615
2447002
=2.79¢1
=3.119]
~3.43956
=3.119€
-2.79%
-214794
=1.849
-1.5387
- Q?.SIP
=.9263
-.6236
- .3?.25

"

T e T ST

NADC 80081-60

RUN.,..HOT ...,

SER”-..??{---.-.

vV CALC
QU]

£ 28083
5961
«0444
1.21117
1.52
1.8275
2.1355
2.,4436
2.,7514
3.0593
3.3672
3,J509
2.7511
2.443
2.1352
1.8276
1,52
1.21¢
« 9343
«996
«B0Y
-03?.7:'
- .6353
=.9431
-1.051
-1 .559
-1.2606
-2.1 T4
=7 487
=2.791
-3 .59
=3 .4i6
=3,.,99¢
=790
=2.482
LAY | 75
=1.056
~1.559
-1 .?bl
= .9429
-.6351
~.3274

TEST SUMPARY
FULL SCALE RATE (DEG/SEC):
GCALE FACTOR (V/DEG/SEC):
BIAS (VOLTS)

NEG RATES

(vpC

HULL OFFSET (vDnC

TABLE 3.3.2-V11

68

T FS

o241
441
590
. )‘0‘
. 69
« 581
302
02
~.296
-. 122
4 -1.1a0
-.751
=33
45
34
552
. 652
656
<566
A4l
«200
-6
=39
-.536
o - 620
1 =64
5 '0555
5 = 382
7 -0132
1 248
5 «607
62 871
o + 633
1 261
2 - o184
=363
e =505
o - .65
o =59
-.447
-.339
-.149

554

=6 1 6636E-23
=1 Q05 73E-0"
=1.27745E-33
1541 14E-23

=1,96A] 51=-30

SST ENGINEERT S feeveton

o IDEAL

-".647
=7.429
-2.187
-1.573

-1.728
-1.411
-1.317
-.632
=100
55
A

. 973

. 698
319

S
=570
- +964
=1.333
-l1.,600
'1079
-1.86€
-1.6460

57'/ﬂ’ f
/ "y
[ s

PR es X

B




4 ——
h RATE SZuSOx TEST PROGRAN
DATE.';:‘Z:”OOOQCi RUNooooaHooco‘oo-o
N, -
{0 T L Y A SER#....38L..... ADC 80081-60
RATE vV ouT vV CALC % Fs 7 IDEAL
(DEG/SEC) (VDC) (VDe)
i -50 2821 L2894 .251 -3.315
i -99.8845 ,5827 .5978 .46 -2,765
: -145.798 ,8834 .9063 .618 -2.475
199,752 1.1881 1.2151 .7217 -2,183
-249,697 1.4964 1.5238 .74 -1,779
-299.566 1.8876 1.,8321 661 -1.324
-349,583 2.122 2.1413 .519 -.891
* =399.,45 2,4397 2 ,4495 .263 -.396
~449,38% 2,7623 2.7582 -.07 .293 :
499,294 3,0835 3.2667 -.455 .546 y
~549,255 3.42516 3.37555 -,798 .872 ;
L ~599,167 3.72361 3.68423 -1,.266 1.267 i
~549,363 3.,42573 3.,37622 -.796 +869 :
~499,307 3.084) 3.3668 -.468 .562 o
; ~449,411 2.7616 2,7583 -.288 .118 ;
! 399,505 2.4423 2,4458 .243 -.365 ;
-349.594 2.123 2.1413 .4594 -.848 £
~299.622 1.8281 1.8323 .653 -1.308 4
249,702 1.4971 1.5238 .722 -1.735
~199.79 1.1892 1.2153 .726 2,119
~149.788 .8843 .9362 582 «2.372
-99,8997 L5816 .5979 437 -2,625 '
~-49,9899 .2335 .2893 \239 -2,868
49,8533 -.322% -.3278 -.129 -2,272 ‘?
* 99,7957 -.6218 -.6365 ~.398 -2.394
149,738 -.9245 -.9452 ~.558 -2,237
199,579 -1.225%4 -|.2533 ~.646 -1.942
249,596 -1.5369 -1.,5625 ~,691 -1.661
299,542  -1.847 -1.8712  ~-,.654 -1.31
349,459 ~2.1637 -2,1798 <~.,516 - .886
399.334 =2,4777 =2.,4831 -.2719 -.419
449,26 -2.7973 -2.7967 317 .323
499,221 -3.1183  -3,12355  ,343 .413
549,173  -3.43281 -3.41426 .6R2 L1723
599,127 -3.75621 -3.72335 ,R9%4 .795
549,212 =3.43951 -~3.4145 ,674 L1317
499,286 =3.119] -3.125% 354 .425
449,42 -2.798]) ~2,7977 311 315
399.396 -2.,4786 ~2.4385 ~.265 -, 592
349,479 -2,162] ~2.1799 - .,4R] - .R26
295,476 -1,8483 ~1.8728 - .62% -1.218%
249,574 -1.5382 -1.5624  =,.653 -1.569
199.645 =1.2329 =1.2537 -,616 -1.851
149.649 -.95264 -.5447 -.493 -1.577
99.7484 -,.6237 -.6362 .33 -2.233
49,8944 -,3223 -.328] -.155 -1.859%

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): €03
SCALE FACTOR (V/DEG/SEC): =6.151395-83
BIAS (VOLTS) : =1.966@5E-27
. HYSTERESIS, HEG RATES (VDC): =1,13579E-23
: __HMYSTERESIS, POS RATES (UDC): |,93787E-d3 //7 //(

T T "WOLL OFFSET (VDC)s =1.95361E-2 ,
% 4/
(( ‘T Fre Yo

TABLE 3.3.2-VII1 TEST '-"CINEERuo essevsae ‘oﬁ

69




RATE SENSOR TEST PROGRAM

DATE,. 3-)2:8%......
TEMP.L IS4 L.
RATE v ouT
(DEG/SEC) (VDC)
-49.9745  .2793
-99.9145 ,5802
~149,788 .883
-199,758 [.1875
-249.675 1.4953

* -299.619 1.8061
-349.522 2.121
-399.482 2.4393
-449.482 2.7623
-499.306 3.2826
~529,319 3.40475
-599,296 3,72346
-645.15  4.33528
-599.208 3.72423
~529,057 3.40568
-a99,368 3.J839
-245.423 2.76l4
~399,466 2.4407
~349,514 2.1225
-299,592 1.8078
-249,724 1.4968
~189,725 1.1889
~149,915 .8842
~99,9166 .5812
-53.0181 L2799
49.8755 -.3214
99.8025  -,.6224
149,655 -.9254
199,687 =-1,23
249,571 -1,5374

* 299.5(5 ~-|,8475
349,409 -2.1614
399,464 -2,4782
429,356 -2,7979
499,253 -3,1192
549,122  =3.44218
599,139  -3.75765
648,375 ~4.,J6943
599,144  -3.7586I
549,249  -3,44103
499.,3 3,326
449,336  -2,7997
399.342 -2.48
329,463 -2.1632
299,547  -1.8494
249,574 ~1,5393
199,62  =1.2318
145,797 -.9272
99,8448 - ,6243
49.8912  -.5229

FULL SCALE RATE (DEG/SEC):
SCALE FACTOR (V/DEG/SEC):
IIAS (VOLTS) : =2,31267E-92
HYSTERESIS, NEG RATES (vDC):
MYSTERESIS, POS RATIS (VDC):

HULL OFFSET (VDC)y:

NADC 80081-60

RUN. ..M. .eueee

SER# .. 3Bleennnnn
vV CALC %2 FS % IDEAL
VD)
.2895 .252 -3,272
.5989 .465 -3.024
90718 .617 ~2,679
1.2174 . 744 ~2.421
1.5267 .78 ~2.331
1.8361 .744 ~1.613
2.1452 .602 ~l.12
2,4547 .384 -.625
2.,7645 .103 ~.15
3.8733 -.232 322
3.38337 -.538 .637
3.69145  -,795 .863
4,33154  -,833 .834
3.69214 -,792 .359
3.38269 -.57! .676
3.8736 -.257 W335
2,764t .62 -.298
2.4547 2347 -.564
n.1452 .564 -1.25
1.8359 .699 -1.517
1.527 .75 -1.952
1.2172 .703 -2.289
.9386 .636 -2.629
.5989 .438 -2.850
.2897 .244 ~3.171
- 3291 -.182 -2.527
-.6384 -.398 -2.595
-.9a73 -.545 -2.366
-1.2572 -,671 -2.224
-1.56683  -.717 -1.866
-1.8787  -,721 -1.521
-2.16849 - .584 -1.287
-2.4949  -.414 673
-2,804 -.15 -.217
=3.0031 L1581 197
-3.422 .452 .534
-3.73186 .64 695
-4.24961 .72€ . 787
-3.73164 .67 2
~3.42053 464 .549
-3.1134 .18 .23
-2.0038  =-,104 -.15
-2.4941  -.351 -.571
-2,1851  =,544 -1.211
~1,8759 =,657 -1.427
-1,5663  -,67 -1,74a
-1.2568 -.62 -2.21%
-.548} -.52 -2,2%¢
-.6387 -.357 -0.324
-.3292 -.156 -2.237

TEST SUMNMARY

6323
“6,195D1E-A3

= ,8R022E~83
1 .5474CE- &3
=1,93RA9F-32

TABLE 3.3.2-1IX

P

i
TIST ENGLNEER dw?

L

AT B

.47 -§0

7

TR T OO

AL TN

s




RATE SEUSOR TEST PRUGRAM

DATE..3342-80,.....

NADC 80081-60

RUN,... HCL, . .....

o e dbbid i

?
t
1
TENP. 164 . L Laue. sERe...38L...... ]
l
RATE vV oouT V CALC 7 FS 7 IDEAL :
(DEG/SEC) (VDC) (VpC) 4
-99,8895 .5798 L619 .51 -3.578 |
-199,749 11,1866 1.2193 L75€ -2.65 4
-099,575 1 .8d40 1.83€4 744 -1,739
-399,537 2.4364 £.4540 .Al13 -2 ¥
-499,26  3.379% 3,371 -. 198 L2717 )
-589,192 3.72075  3.6803 -.737 861
~699,369  4,3338 4,32632  -,635 636 ;
-598. 148 3.12154 3.67857 -.762 139 [
=499,351 3.,0847 3.4715 -.213 298
~399,46  2,4377 2,454 377 -.66 ¥
-295,578 1,8655 1.8365 L7186 -1.674
~199,756 1.1872 1.2193 . 743 -2, 603
-99,3828 L5504 <6319 L4906 -3.,476
99,8045 - ,6225 ~-.6328 -.284 -1.99
199,638  -1.2068  =1,2499 - ,533 -1.7
299,527  -1,5%432 =] ,0674 =.561 -1.31
399,363 ~2,4T0&  ~2,4746  -,017 - 407
499,19 -3.113 ~3.1J18 S50 363
599,45 -3.,75153 =3.T71914 749 . 275
698,951  -4,28764 =4,33677 =1,135 1.7
599,139  <3,750€9  =3,7195 767 .f00
499,180 =3,1145  =3.1318 .20 WAl
399,314 -0,4744 =D,4043 =005 - o407
099,537  -].044  ~1,0675 =504 -1.204
199,61 ~1.0004  ~1,0497 =, 493 -1.708
99,8J40 - 6002 -.6327 - .243 -1.,733
TEST SUNMMARY
FULL SCALE RATE (DEG/SEC): 749
SCALE FACTOR (V/DEG/SEC): -€.182375-23
BIAS (VOLTS) : =.215640
BYSTERESIS, UEG RATES (UDC): -1.08974E-03
VYSTERESIS, POS RATES (VDC):
)e

1.8391 DE-23 IR
NULL OFFSET (VDC -1.9539515-921/{ ,/// /d/
TEST :nntnzﬁn.'¢?¥i4f..ffk

14 7-se )\2,
NEADY

TABLE 3.3.2-X




’5
RATE SEUSOR PROGRAM: OUTPUT DRIFT  mapC 80081-60 ¥
4
DATE .. 3R:AB0...... RUN....HQL...... ’
TENP.  HI6SF, ., ..., SER#eead5Seunnnn X
OUTPUT DRIFT IN 15 SEC INTRRVALS
RATE AR qCALE FACTUR
(DEG/SEC) (VDG (VOLTR/DEA/SLC) ¥
| 4
09,0386 596905 5,976 73F- A3
90, ¢16F 597290 S  OFAROF-33 ;
08,7797 .597534 5.98053 f- a3 ;
©9.7493 .597599 5.99131E-23
199,541 1.1977] 6.3APISE-23
189,556 1.19799 6 JIX N TE-3
199,564 1.1983 6 22 460F-33
199,544 1.19875 6 .28 745E-23
299,334 1.81288 6..35639F=33
299,338 | .R132] 6.25735F-23
299,35 1.81355 6. 35RO OF-23
n99,33 1.81406 6.J6239E-23
399,111 2.4471] 6.13143E-23 :
399,278 2 AAB46 €.13529E-33
399,067 £.44944 6.1379] E-23
399,149 DLAA974 6.13832E~33
491,896 3.1349 R.0P3S54E-02
490, 799 3.125% €.P6TOR~02
498,957 3.12605 6005 IRE- 33
598 654 3.12636 6. NGORE-1
LULL OFFSET (UDC): 4.8541PE-23
NEADY /// /
/ [V"— A
[ /

TABLE 3.3.2-XI
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RATE SENSOR PROGRAM: OUTPUT DRIFT napc 80081-60 B

DATE,..3313-80...... RUM....HQT ...... :

TEr1P. .}92-1 e® s 0e 0 SER’I. .}Z:;‘.l L ) !

OUTPUT DRIFT IN 15 SEC INTFRVALS
RATE HEAL SCALE FACTOR
(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

99,8170 L63623 6.37395L-23
09,7048 .636856 6.382295-33
! 99,7756 .G36926 6.3833 8E-23
99, 7782 .637496 £.38512F-83
199,542 1.26872 6.3581 7E-23
199,581 1.26943 6.36247C-23
199,563 1.27043 6.36636E-03
199,57 1.27893 6.3683 TE-03
259,293 1.97027 6.40068E-03
299,339 1.92247 6.4223 8E-23
299,34 1,92299 6.4741PF-23
299,297 1.90375 6.477545-33
399,146 2.59895 6.51194E-23
399,994 2.50907 €.51444E-23
399,491 2.6G3349 6451630523
399,107 2,63119 6.5175025-23
498,049 3.09585 6.606930-33
49¢,91¢ 3.p0650 €. 6081 PE=23
458,847 3.09744 6.6131 AE=23
492,932 3.09846 6.61096E- 02

NULL OFFSET (VDC): 1.63632F-20 ;

NEADY
/ ’“
N /?4’0

TABLE 3.3.2-XI1
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RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE. .3313:8Q...... RUN, oo HOT o uuens

0.

TEMP. J165F, .. ..... SER#...38L......

OUTPUT DRIFT IN 15 SEC INTERVALS
RATE MEAN SCALE FACTOR
(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

$9.9279 S51377 5.74184E-23
$9.9183 574224 5.74493E-33
59,9639 574516 5,74742E-23
99,935 574475 5.,T4853FE-03
199,76 1.17852 5.89967c-23
199.757 1,17897 5.93231E-33
199,758 117893 5.921 78E-23
199,752 1.17928 5.93372E-03
299.574 1.79536 5.99333E-03
299.534 11,7855 5.99431E-23
299,534 1.,79625 5.99614E-33
299.628 1,79699 5.99749E-33
399.391 2.4287 326281

399,39 2.,4289 €.AC152E-33
399,433 2..42895 <A262R1

399,412 2442972 6 IPID4E-33
499,185 3.37446 €,158950-33
499,263 3.J7449 6€.15036E-23
499,392 3.,27462 €.15782F-23
499,212 3.4749% 6.15951E-03

NULL OFFSET (vnC): =-,2272159

ol

TABLE 3.3.2-XIIL

74

TSR A

T e ——ol

. e




ﬂr'rl'l’-!r.llrlll.;.v.,’\bt..r SR e A et e 2 T

i
I

‘R R QS S

1=

: 008

34

C

NA




.

vt —" T —y

NADC 80081-60

I-¢°¢°¢ 279Vl

(11-g°€°€ 3198l 33S)

aNODdS/SAFYIAA 00§ ANV ‘00% “00f ‘00T ‘001«
80" qﬂm 2% ¥SALVY § J0 °OAV (NIK/D3S/93Q) 14T¥d
890" $90° 650° ¥SILVY S JO OAV (SANODIS) IWILAQVIAY
01> 01> 01> (ANODES/93aQ) NOILNT0STY
oT"> 01°> 01> (QNOD3S/94Q) CTIOHSIYHL
61 ¢+ LLez- S0° T~ (aN003S/93@) 13S440 TINN
YA 81°~ 1z°- (aN0D3S/930) MD SISIYILSXH
12°+ 1+ ST+ (aN023$/953Q) MID SISAYILSAH
vZ e+ 61°€- 0Z°1- (aN023S/93a) svid
¥OLOV4 IANTTISVE 1V
L1°9~ LE°9- 80°9- (03S/93a/AK) ¥OLOVA ITVOS
O¥¥d ALTAVANIT %T+ 1V
00L 00¢$ 0S6 (aNOOAS/9da) FLVY FTVIS T1Ind
18¢€ N/S €L€ N/S SSE N/S YALINVIVA

(d55% 3,59T+)
KOVIWIS VIVA I1S3AL TINLVIIIWAL HOIH

76

TR

s,

oy

Wy o At

Xy

. Av";"l'.!“'




o+~ = - T T IR T T TR, e . v - =

e e el o e — . PR A SO PO A AT O U PN A A AR it SisiniStiioh g latiggty T T Ll =
- -
-
Ao ¥

II-£°¢°¢ 474Vl

NADC 80081-60

GL0° 0.0° 250" 10"+ 80"+ 80+ ‘ 00¢
090" 890° 090° SO°+ 1+ ST + 00Y
SL0° 790° Z90° 60"+ oT"+ 60°+ 00¢ ~
£90° 290° zs0° 80°+ 12°+ T+ 002
690" 690° 890° 91"+ €T+ LT+ 00T
18€ €LE GGE 18€ €Le GGE
(SaNoJ3Ss) (NIR/23S/93Q) (0ds/93a) d1vd
AWTLAAVIY 1414d 10d1N0

(do5+ d0S9T+)
XAVIHNS AWILAGVAE OGNV LATd0 FANIVIZAWEL HOIH




NADC 80081-60

3.4 Low Temperature Sensitivity
3.4.1 Test Setup and Procedure

The test setup for the -30°F +5°F temperature sensitivity environment
is the same as the baseline test setup except for the addition of cooling.

A thermocouple was mounted under one of the rate sensor mounting screws.
A portable environmental chamber was mounted over the 8"X8"X8" test cube omn
the Genisco 1100-2 rate table.

A tank of liquid nitrogen was used for cooling by pressurizing with
dry nitrogen. The dry nitrogen pressure was controlled by a solenoid to
maintain a constant temperature. After temperature stabilization and a
45 minute soak, the test was run. The thermocouple was disconnected prior
to each run. This was done due to the absence of thermocouple wiring in
the rate table slip rings.

This test deviates from the -65°F +5°F described in the test plan.
This was discussed and approved by NADC at the mid-task review.

A test schematic is shown in Figure C.3-2 of Appendix A, Part C.
3.4.2 Test Results

The test results are presented in the same manner as the baseline
test. The results are shown in tables 3.4.2-1 through 3.4.2-IX. From
table 3.4,2-1I1, a plot was made to typically show the low temperature
effect on the output of the units. This is compared to the baseline data
obtained at room temperature as shown in Figure 3.1.2-1. This particular
plot is for S8/N 355 sensor at 500 degrees/second maximum rate.

Readytime, threshold and resolution were measured exactly as done
during the baseline test.

3.4.3 Data Evaluation

The cold temperature (-30°F +59F) sensitivity data for the Superjet
rate sensors tested produced the following worst case evaluation:

1. Full Scale Rate at 32% Linearity Error 425 +25 deg/sec

2. Scale Factor .0058 + .0001 V/deg/sec

3. Bias +1.66 deg/sec

4, Hysteresis +2.44 deg/sec

5. Threshold <0.1 deg/sec

6. Resolution <0.1 deg/sec

7. Readytime .069 sec max.

8. Drift random (+4.8 deg/sec/min)
78




NADC 80081-60

The data recorded for each serial number is shown in Tables 3.4.3-1
and 3.4.3-1I.

The full scale rate decreases with cold temperature along with a
scale factor reduction of approximately 10%. The hysteresis error increased
substantially on serial number 355 while the other two units hardly changed.

Threshold, resolution and readytime were virtually unchanged while the
drift characteristics were random. This may have been caused by the heating
and cooling of the wires located in the sensor.




RATE SENSOR TEST PROGRAM NADC 80081-60 i
DATE . 307582, .00 RUte e QDo venens
TEMP. . T30%E ..., SER# e3P0 ennnns ’
RATE vV ouT V CALC T FS 7 IDEAL
(DEG/SEC) (UnC) (Vney '
-49.9135 .2067 0933 .26 -£.343 |
-0, 7846 .56P4 5737 Lan7 ~2.315 f
-149.663 .8369 .954] LRT9 -2.241 ’
-199.5  1.1128  1.1342 .47 -1.929 &
249,429  1,3956 1.4147 .76 -1.371 b
-289,367 1.6811 1.6557 .574 ~,563 F
*  =349,159 11,9732 1.9756 L3968 -1 3
-3%8,971 2,080% 2,0556 -.997 1oto F
443,364 2.5923 72,5361 -2.144 f.15 -
-399,94  2.2750 2.256 - 184 684 v
=349,155 11,9336 1.9756 -J316 WABR E}
-299,286 1 .6876 [.6952 321 ~ 453 p
-249.484 1.3958 1.4142 .74% -1,35 S
-199,479 1.11029 11,1342 L84 -1,087 ,
-149,620 L8341 2538 L8309 -2.804 '
-99.7210  ,551% L5736 .63 -3.89] :
~49.9168 .R754 2933 L7126 -6.365 :
¥ 49,8851 -.,263° -.0674 - 284 -2,560 3
99,7632  -.5326 -.5481 - 615 ETA A !
149,631 -,8003 - 0003 - .32 -0.221 !
199,427 =1,3917  -1,1304  -,064 -1,497 ;
049,352 -1,3747 ~1.,3291 -,57] -1.331 :
299,246 =1 ,66J1 ~1.6696 -.375 -.563 . !
349,114 -1,v533 -1.95 A4 LA17 i
39¢,075 -0,040 ~2.,0297 <4R5 547 )
GAB,811  =D,5414 «2.5104  1.206 1.029 |
ICRO931 -0 ,23T4 -2.0 .093 W33 /]
349,147 ~1,942 -1.9581 -.,323 -, 416
PIGLEE ~1,6535  ~1,6692 =, 60 -.930 |
048,395 ~1,3739 -1,329 -~ ,617 -1.194
199,44 -1,995 ~1.,138%  -,53% -1.036
149,643  -.216 - .BRR6 - 4S8 -1.49¢F j
99,7721  ~.5405 - 5400 -.393 -1.,38%
49,8652 -,0751 ~ 2676 .295 n,664

TEST SUMDMARY
FULL SCALE RATE (DEG/SEC): 459
SCALZ FACTOR (V/DEG/SEC)Y: ~5.60178E-43
BIAS (VOLTS)Y ¢ 1.26843FE=-a32 !
HYSTERESIS, UEG RATES (VUDC): -1.24251E-32 5

)
HYSTERESIS, POS RATES (VDC): | ,48315E-32
HULL OFFSET (VDCY: 1,7305RE-23 357
TEST EMGINTER

NEADY TABLE 3.4.2-1




NEANY

NATL

SSPS07 TIST PROGRAL

DATE. 3780, .. ...

ToMP, 330

NATY
(DPEG/SEC

48,917
=00 ,0134
=149,6€9
=199,565
=048 o aid
=290,005
=348,194
200 135
K, =44 00
=400 ,000
449, ..6
=3989,.0:03
=340,10¢
=009 .31
=040 ,355
-]99..’;{;
149,64
=00, 74557
-49,8390
10,0655
SQ, 7013
149,633
199,50
249,306
AASASISY Bl
349,80
300,900
440 P 3
400,760
448,330
SRR I
349,119
09,153
249,445
199,485
149,535
89,7365
49,0606

FULL SCalL

MYSTENLSIS,
MYSTIRERIS,
:

(1]

vV OUT
) (VRC)

. .
MRS 1 B
w

WDy

6
307
l.110¢€
1.3985
1.6917
1.9¢ 75
D.008G
ISR |
1922
e GAE
:". nqln
1 .9C42
1.6916

1,475
1.](\'
o417
Y cvarHs
777
-.?75
- U803

- 00
et . by

"I.lu')7
=1.a0n
-1.6741
~1.8679
-ItJ1€5ﬁ
=560

- r/(/nn
Teoeti

5(7
-”.2775
=1.975¢6
-1.6790
=1.391]
=l.1d7
= 0073
-.551¢€
-.2641

NADC 80081-60

RN, eGP e b vnes

SER¥ e300 cesneas

V CALU 1S
cunl)

L2800 L5560
76 6T
.ﬂﬁlﬁ 1,273
1.1457 1141
1,430 1..175
17141 L 100

l asel Ry

l. ;lvsll -.rnl-,
0,9670 -0

s."”r -2.45]

L.O005 =1.31¢

0.,0034 =005

1.95¢] W05

1.7147 .739
1,407 <177
11450 .7'

61 LRTS
5764 .ﬂ7f
A HA o913
-~ 077 LS R
- 5613 = 457
-, 046 -
-1.132% - 70
-1.,414¢C -0
-l 6000 - 07

“1.0637 -.583
=02,0677 -, 146

-2.5531 RPN
373 1.575

-0 rS”( T

-p,0Ar4 310

-1,0738% =009
~1,629 - 67

~1.,4151 =730
-1.13 -.75
-.R454 ~.R37
=.5614 - 343
-,0769 -.451

TEST SUNMARY

i NATE (DEG/SEC
SCALE FACTuUR (V/DEG
BITAS (VOLTS)

i RATES
POS RATES

JULL OFFSET

) 524
SEC)
74450307
cuncH
(vbhe)
CUreD

300970 -
CaATAS -

TEST CrnIns

TABLE 3.4.2-11

-5 7-/3 7:11 -2 \.‘
23

2 =l a0 E-00

g0

TOINZAL

=557
/i e345
=3 ,50N2
-0 _coin
e

-0, 155

_l.:l l L]
=507
LT
09“
D40
1.4rS
-3(-'0‘
=-.751
~1.,351
-1.55
=1.95¢C
l).lhl'7

- T
i.en

-5,13r"
=1.304
_n an
=234l
f.lnn
“lien
-1.,467
-, 7171
L

Al
PRARPH

1.579

1,473

o4

- l3

=l.I0

-1.6o0
=006

SEARS P

-1.7°0

=L,505

Al

_3 /7,?o

J/\

o

T LI T A
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RATE SEHSOR TEST PROGR

DATE. 214780, .....

TEMP. .. T30 ...

AM NADC 80081-60

RUN...COLD ..,

373

SER#......'.".!

RATE Vv out V CALC % FS = IDEAL
(DEG/SEC)Y (vDC) (VDC)

*  =49,9430 292 3245 <520 “4.030
-99,6065  .5839 5987 «R31 ~0.500
-149,637 .87¢1 0926 K15 - 14645
-199,511 1,.,1728 11369 591 ~1.134
=249,41% 1.4720 1.4313 384 ~.615
-209.,326 1.7752 1.7757 « 224 - 233
=349,182 2,0884 22699 - . 180 . 992
=399.32 2441895 2.3638 ~1,93¢% 1,943
=349.116 2,.08874 2.0695 -.761 <272
-299.291 1.7745 1.7755 o M5 - .36
=249.468 1 ,4677 1.4218 586 =94
-199,536 11,1695 1.187 . 741 -1.,486
-149,676 0746 AN « 7175 2427
=990,8134 L5813 5587 . 132 =2.959
=49,94400 0892 3345 L6406 =5.176

* 49,834 - .2864 = 2R4D «A06 767
99,7129 - 5744 -5704 -.171 -.6837
149.53 -.8657 - 8723 - 281 -.753
199,449 ~1.1584 =1,1663 -~ 356 -. 713
249,278 =1.4534 -1,4620 =315 =525
299.224 =1.7511 -1.7555 -.186 =249
348,594 ~P.B549 =2,949] #2245 20
398,995 -2.3667 =2,3441 956 959
349,10 -2.,39505 ~2.,3497 o116 132
299.163 =1.7435 -1.7551 ~.492 =657
249,324 -1.4421 -1,46141 - .034 -1.28
199,489 =1.1469 ~1.1671 -.857 =1.71%
149,53 -.8584 =~ JR723 =.5982 -1.584
99,7298 ~.57¢8 =.5785 ~.285 -1.143
49,8531 - 2868 =e2343 127 .859

TEST SUMMARY
FULL SCALE RATE (DEG/SEC):
GCALE FACTOR (V/DEG/SEC):
BIAS (VOLTS)
PYSTERESIS, HEG RATES (VDC):
HYSTERESIS, POS RATES (VDC):
HULL OFFSET (VDU):

T

READY

429
=5,89959[E-243
0,82129E-93
=9.,9992JE-29

3.84150E-24 yavd

l.ll75AE-35'/\ //

EST ENGINEE .1?““““7
=

-14-50

TABLE 3.4.2-1I11

/

e ——— e

< = e

e

[RNEAIR)

-— .
PSS S

raadn]
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RATL SENSOR TEST PROGRAM NADC 80081-60

RUNLEQD ... au

DATE cnu.-l.oggoooo-o

HYSTERES
HYGTERES I"

Witli RATES (VRC) ¢
POS RATES (VDC)H:

HULI. OFFSET (UbC)H:

-R ANE] ) F- 23
6.3445 | F =33
-5,694] RE=~J3

EST THAIUEER

TABLE 3.4.2~1V

U

TEMP. .2 28%F L veene SERF .33 ceenenes
RATE v oout V CALL 7 FS 7 IDEAL )
(PEGL/SEC)  (VDC) (VDC) i
x  =49,9103 266K 2P07 .55 -%.,958
-09,8337 ,5394 L5605 Loaf -4, 292
145,723  .C145 .R439 1,159 -3 .400
-199,472 [ .4964 11047 1.121 -0,500 :
-249,438  1.3324 1.4068 .059 -1.731 ;
-299,313 1,635 1.6800 .58 -.771 ;
-349,136 1.9731 1.,9694 - 146 a8 i
-393,99% 1,278 ?.PSJr 1.2 1,039 A
-446,917  .5886 2.5305 AR oL.o0p I+
=380, 41 2.2754 2.2599 -.965 1,408 :
=349.179  1.9721 1.9697  -,296 104 ’
-299,380 ] ,6764 1.6386 Wi -.177 |
-249,417 1.3884 1 .4267 LTIR -1.095 !
-199,553  1,1342 1.1252 LR27 -1.065 i
-149.719 ,8229 044 LB -0,454
-99,7900 5458 J5623 L640 -2.921
-49,934 .27 «2239 LAD -3.,06060
x 49,8157 -.0747 -0 L339 -2.,795 3
99,6892 -.547] ~.5635 - . 045 -2.91] ]
149,542 - 8240 - 440 - JR14 -0.45
199,340 -1,143 ~1.1P59 -,943 -0,239
249,00 13063 ~1.4477 - H4C -1.50%
299,131 -1.6752 =1.609] = ,545 -
JaR.087  =1.9715  =1,9734  .4) LA52
398,04 0. T4 =250 L7163 LRA1
448,701 =0,5755  =2.5337 1,647 1,651
I08,070 -0,264) =2,0510 471 53¢
T4R.904 -1.9655  =1.9728 -, 195 -.051
nQ0L 13 -1.6730 -1 \.91 -0 -.903
49,337 =1.3873 -1,4079 - ,010 -1.466
100,350 -1.1859 -1, |"r 700 -1.,797
145,693 -.,228] 45D a0 LAY
©9,7399  -.5532 -.srsn 41t -1.685
49,0304 - ,79c -n800 . 1.4 -,91n
TEST SHMHARY )
FUOLL SCALE AT (DEG/SEC): 458
SCALE FACTUR (V/ZDEG/GECY: =5.643 46E=23
SIAS (VOLTS) ¢ =9.N6R44E=24




AEADY

RATL SunSoR TEST PROGRAM

-8

vatE, 1780 . ...,

TEMP , 3008

AATE
(DEG/SEC)

=49 .ur 73
-QQ 7795
~149,631
-{98,5&3
249,406
=880,349
349,12
~388,95%
-443,591
=309,U15
=349,801
~-00N9 270
~D49,4068
~199,477
~149,663
~a8,7745
~49,9207
5,055
Q99,6304
146,65
190,470
A8, 380
299,054
349,111
39,945
HAT 05
Jan,ene
349,171
AR AT
ma8 .30
199400
149,535
08,7467
ae.noar

FULL

)wsrr;zfgszc,
)’Y(.Tl "L‘_ 1 s

sGaLl
SCALE FAC

sesesoresn

v OuT
uneH

72
o467
L5005
{1435
[.3G561
16730
1.949
TL.2690
2.5723
2,066
1.86G1
1.6761
1,389
f.1347
o(‘l 40

£ DAV
.2757
- .7‘.7(;5
- ,0506
-, 0ot
=l lafid
=1 .3089
~1.6776
-1.9600
SO LDEAG

LIS
~f 0
AR

‘1.9589
~1 JAAG4
~1.5010
‘l.l|‘53

v ey ey
LRLIPEAL

-.5511
-.077

-

NADC 80081-60

}?UN....C‘S’!“?..-‘..

senk, 38 au.s.

V CALC
<yne?

N A
520
43
.10042
{,435
[ .68€
1 .9665
224713
P. 5..0)
DJ0476
1.967
1,685¢
) 4249
1.1837
<0431
LHERD
.I( 24
-, 0036
-.561
-..8427
"lc‘th-s:)
~1,4d43
=1 6053
~1.0G61
- o:’.“?!’
? rr\"’Q
~2.04 7
-1.(’()(;5
-1 .,6053
~1.4.04
~l. . ”4
"‘5’.16.".
WHG16

ﬂ("lt‘
= eretier ?

TEST curpany

RATE

(OEG/GEC) s

453

TR (W/DRG/5eC) s =4,

R1AS
UG ORATES
POS RATES

(YOLTSY ¢ i
(VDL ) e
(Vpe )
MLL OFFSET (UDCHY s

7.9

TABLE 3.4.2-V

O
1,466
SAJD
-3
~. 149
-07
-07114
- 500
'oalf'
W37

632335~03

JBEHADE- 24
=D LONTINE- IR

AR v A//
T T "”GIN‘ r" A RN J XY

.o .\00.0

1934F-34
I HAMAY O N

oOIDEAL

=3 .00
~2.74%
~0.427
~1.54)
-1.351
".7(:]
22
1.2J2
1754

fale)
P

e A4
'1575
-1 0!35
-} JERT
=0T

=0.035

=0,714
=-1.,53¢€C
-1.502
-1,653
~1.51°"
~1.307
. 457
o 115

. 766
1408
LA

-~ 387
o B R
-1.57
~1 A7
157
-} .70
~ten3 4

f




r—,,.u ——— v T

,' .
3
3 8
PATE SENSOR TEST PROGRAM NADC 80081-60 H
DATE . . 35380, . 000 RUHe vo oGQD u e ss 1
- i
i : TEMP...330 .. ..., SER#,..38L...... i

. RATE vV ouT V CALC 2 FS TOIDEAL -
(PEG/SECY (VDC) (VDG) f

-49,8992 2799 0945 .51 -5.119 b
* =Q9,8516 L9569 5798 WK -4.,037
i 149,666 .8371 JREA3 . 953 =3.100
-199,504  1.104 1.149) 276 -0.196
=249,487 1.4118 1.4339 774 -1.551
-299,243  1,7236 1.7196 504 -.0176
=349,177 1.9996 2.0238 L1409 -.013
-390,032  1,354) 2.2876 -.420 LR
-443,947 £,627] 2.5737 1,17 1.394
~497, 808 2.9195 2,854 -0, 139 2.l44
-A448,041 2,615 2.5731 -.007 1.1
=395,940  [1.0827 2,2381 - 163 225
=349,177 1.9929 £.2230 ILYE AT
=200, 200 ] 6960 1.7129 Ry LT -1.34
~24% 420 ] L4068 1.4341 $955 -1.915
=199,955 |.1244 1.1490 JIRER T -0.905
148,661 L8393 2642 T3 -2,917
-99,7542 5629 L5790 $G4 ] -3.001
=49,9396 J e oa7 $443 ~4,430 §
* 49,0491 P16 -.753 S -1.094 1
a9, 7642 Soans -.5633 - 415 -0.,470
14$.501  -.r3an - .45 =510 ol AR {
199,584 -1,1596  =1,1322  =,703 ~1.011 j
A8,34%  <1,3%31  -1,4147 0 =756 -1.516 '
Q98,61 —] 600 =] 6908 - 637 ~1.147
349,0°5 -1,974 ~1.,9044 - 366 -.504 3
39S, AT —DLDTIE =2,0695  Lahd L307
4a(.011 -0L.5775 -2 ,5546 L FM3 RIS
SGLTHT =D RRES =0,0393 [ 654 [.650
4»:.?5( -2.572 -0,5543 600 JE93
395,97 SRLP656 =2 ,n0093 =13 -, 103
349,104 =1.9C60  -1,9045 - G4l -.51f
099,163 -1.,6734 -1 ,60093  -,994 ~1.511
249,437 =1,3R75  -1,4151 - ,964 ~1,932
199,450 =1 ,1453 =1 ,0007 =,957 =0, 140
las, 687 -,0071 - WF459 - (46 -e.152
99,767 -.9537 - 5G4 -,339 ~1 ,A92
49,0630 -,0771 -.2754 I SO0
I
ZST SUNNARY £
FULL SCALE RATE (DEG/SEC): S0
SCALE VACTON (V/DEG/TEC) s =5 THHELE=-33 H
BIAS (VOLTS) & 9.44667:-233
HYSTERLSIS, HEG RATES (UDC): =436 741=23
HYSTERESIS, Po5S RATES (UDC) s 5,53409t- 27

LULL UFFSET (VDC)Y s 4,93330F-33 /

TEST ERCINEE P.-.. .....{ff‘ 1

NEADY TABLE 3.4.2-V1 s




‘EAYY

RATE CIU50R

]

DATE .. 17380, ..
-300F

TEMP e eescosscssese

ouTPueT DR

NATL
(DEL/SEC)

09,0503
00 LTERD
98,5436
\l) ’7117 s

189,57

199,542
199,511
125,547

nag 30
M P ]
aon 07l
ALY R

RIS HS |
309,340
399,353
39%, .15

49?(.“15

o Tad
/(\r: 66
1- 70'3

CULL

IFT If‘ 15

SEPPED
$261320
. 565372
204995

l.] )QJ I‘
1.10587
1.,12734
1100458

1.71.:58
1.7.3941
1.74163
1.74770

GFFSET (VD) ¢

TABLE 3.4.2-VI1

PRUGRAN: OUTPUT
Ry e QOMP. e anees

SER#..

173100003

NADC 80081-60

ososoocoocon

AR E HPNY “l..’J

CALE FACTOR
G/

( \IOLT" /DY

).ﬁSl.’l =23
SOPTIDNI= 1A
5 GOACST =2
)

5,050705- 52
r).(:r)’?{'rlll‘ a7
5,CAN3 =53
S W CH0H40= 38
563573007

I R/ RO IR
5 .7! l¢ L e T
500505 =0
S5aTa08000=

g e
SLUAIAST=
PR LT
L}

(»unn - AT
) T 7.."u»'

(D)

—

= et

e e~ — e = e e g




RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE L] .3:.1?:8.0' L X B B ] RU'J L ] “. . .c?L.D. LR B AN J
TEMP. . 730E L Luuees SER¥...303......
OUTPUT DRIFT IN 15 SEC INTERVALS
RATE VEAR SCALE FACTGR
(DEG/SEC) (une) (VOLTS/DEG/SEC)
99,7721 561648 5 .6293 1 E-33
99,8254 556452 5.57426E-23
95.8279 561911 5 .GRRTSE-23
59,7812 572312 5.715625- 23 E
199,529 1.14836 5. 7553 4E- 3 3
199,525 1.1543 5.785 n6E-23 Hd
199,539 1.14438 5.735100-23
199.577 [.15332 5 T7913F-J3
299,271 1.7796 5 .91638E-083
290,265 1.7494 5 045 66i-23 &
099,237 1.72554 5 .76645E-83 %
299,20 1.71962 5 .71695E-33 _
399,446 £.31766 5 BA7901- 23
399,376 2.33096 5 L4200 Fm 23
359,051 ©.3263 50005 RE-23
399,247 2.33229 244 EGE-D3
498,778 £.,99927 6.310273E-23
458,835 3.21279 6.23566E- 13
493,747 2.98534 5,905 6 TE~ 13
498,790 2.96457 5 9423 48[~ 33
BULL OFFSET (UDC): =1,76195k-03
READY , /[/7
(oA W L
- /
f’/‘//ﬂ)

TABLE 3.4.2-VII




READY

7ATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60
DATE .. % 3:8Q .50
TEMP. 0% . evenees

OUTPUT DRIFT IN 15 SEC INTERVALS

RATE

(DEG/SEC)

9%, 7462
59,8239
99,7665
95,7452

199.54!
199.511
199,538
189.548

299.252
299,275
299,276
299.337

3884995
399,217
399,439
399,336

498,795
423,827
498,737
498,752

MEAL
cvne)

«5432.08
«54366

543851
«543602

1.1285

1.186S58
1.10554
1.18587

1.6834%
1.68379
[ .68285
1.68351

2.07936
2..2T065
006867
2,079

.89499
2.08462
2.88183
2.67971

HULL OFFSET (VUDC):

TABLE 3.4.2-1X

Rl'N...mw...'..'
SERF o IBeieennns

SCALE FACTOR
(VOLTS/DEG/SEC)

5,44591F-33
5.44619E-33
5.4512385-03
5,44991-033

5,51514E-23
5,54051E-23
5.54J45E-03
. 3035543

5,61564E-03
5.,616139-03
5.6230FF-23
5,60413E-33

£B35 710

5.69562F-33
5,63T240-03
5,.69197E-03
5,79594[-33
5,700010=23
5,773265=-23
5,773820-.13

-3 RR153E-33

" fim

[ 3//7/7‘)
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NADC 80081-60

3.5 Sensitivity Jerk
3.5.1 Test Setup and Procedure

The test setup for the constant change in acceleration is the same as in
the acceleration sensitivity test. The only difference is in the computer
programming. A test schematic is shown in Figure D.2-1 in Appendix A.

The computer was programmed to accelerate the rate table from O degrees/
second to 1000 degrees/second by incrementing the angular rates in 0.015 degree/
second increments. The units were subjected to counterclockwise and clockwise
rates.

The angular velocity was then incremented by .030 degree/second increments
to double the jerk rate. Three more increments were used, i.e. .045, .060, and
.075 degree/second. This method allowed each unit to be subjected to 5 dif-~
ferent jerk rates. Data was taken at approximately 250 degrees/second and 500
degrees/second rates, only since higher rates cause saturation. The test pro-
cedure is discussed in Appendix A, Part D.

3.5.2 Test Results

Data could only be taken at multiples of the rate increments. As a result,
the actual rates for each jerk are:

RATE RUN TIME
INCREMENT °/SEC JERK APPROXIMATE 250°/SEC 500°/SEC
.015 1 11.7 250.5 501.0
.030 2 5.8 252.0 501.0
.045 3 3.9 252.0 504.0
.060 4 2.9 252.0 504.0
.075 5 2.4 255.0 502.5

Using the actual rates, the output may be corrected for evaluation by
transforming all data to the nominal rates. This is done by using the nominal
_ scale factor of each unit. It is not known if the scale factor remains con-

3 stant from one jerk value to the next. However, if the scale factor changes
by +1%, the output would change only by +.01%. Historical data shows the
scale factor on sensor serial number 355 at 500 degrecvs/second maximum rate
changes by 3.6% which is equivalent to .1 degree/second for 250 degrees/

; second rate and .18 degree/second for 500 degrees/second rate.

However, the repeatibility of the sensor has varied up to 19 millivolts
at 500 degrees/second (post acoustic baseline, S/N 381), which enters into
the Jerk evaluation.

The data collected for each direction and serial number is shown in
Tables 3.5.2-1 through 3.5.2-XXIV. Data was obtained at 750, 500 and 250
degrees/second rates.
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NADC 80081-60

3.5.3 Data Evaluation

It is evident that the change of acceleration (jerk) sensitivity on
the Superjet is so small that it is concealed in the repeatibility of each
sensor, which has been measured to be 31 mv at 500 degrees/second rate

from one setup to another setup.

This is shown typically by Figures 3.5.3-1 and 3.5.3-2, which is for
the positive X direction rotating counterclockwise and for serial numbers

355 and 373.

Serial number 355 shows a large delta between the zero arm run and the
24 inch arm, but the gap is constant, therefore indicating neglible jerk
sensitivity. The gap on serial number 373 is small which also indicates
neglible jerk sensitivity.

The slope of the data points do suggest that there may be an angular
acceleration sensitivity. The highest value of the twosensors occurs for
serial number 373 at the 500 degrees/second reading. The change in output
is = 22.0 millivolts which is equivalent to 3.47 degrees/second shift from
w =87 degrees/second2 to 427 degrees/second“. This reduces to an angular
acceleration sensitivity of 0.01 degrees/second/degree/sec0nd2.
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e A AN 2 TS AR 8 B o

i 3-20-80

SER. e et iiiencennsen IS0 ase s unaraaaitliLl VOLTS, . 39,40V,

R = 24 in.

CHTED [ FOD CCW TOTATIGN: =1 FOR CW DOTATIGE 71

27.599
e SEAS
TINE T

10,148 .08
(PRI} EPLE A
3.073 3.406
RIS Dssy
TN 1,949

ADY
e

v uT

& opot

1.5589]

MREET
3,65.314
f.1R954
7.67048

TR e sieecrcncssscssenssnitiSsececcrvoveasdtlll MOLTS 000iens

INTE® | FOR CCJ ROTATION; -1 FOR CW ROTATION 2«1

Rhi

7,509

itk MEAS
TIME TIME

T.161 Q,ns9
6.1 4.69
4,386 3.136
3.071 £.359
2.473 1.915

TZADY
20

v OuT
vne)

-4,3058
~4,2769
-4.,3270
-4,3074
-4.3277

a3 not

1.55744
3.013a80
4.63534
616737
7.65074

SERA seoencrcescrctrcrcesd?ISenasncnnneaaselUl YT R unesene

TUTER 1 FCR CCW ROTATIONG -1 FOR CW ROTATION 71
25.392

o HEAS
TINE TINE

6.218
3.131
Z.1186
1.598
1.28%

NIADY
-1e-RUN

v auT
(vne)H

341582
3.1578
J.1748
3.1694
3.1546

G DOT

1.591F€
3.17466
4.13037
6.,39453
T.8064%

GEPA tirirrirnenanssneedISiotarrnsccecedNULL YOLTSchsennee

ENTER | FOR CCW ROTATION; =1 FOR CW ROTATION -1
ehtd

35,320
Nil NEAS
TINE TINE

11,938 §.23¢
3 .5RK J.141
1,017 2028
Sl 1.633
DeulR 1.289

DEADY
U

CHTE™ | TOR CCY ROTATICN;

ptrs-2
s EAS
TIrE TINE

11,659 3185
8 .FaR 1.6

3.0 1.484
"L.0a8 «R25
N3 676

1IADY

i

v ouT
vbe)

~3.10%4
“3.129

=3.1466
=3.141%
“3.1069

v oouT
(upe)

15218
1.%317
1,529

1.5061
1.5418

G not

1.58653
316435
4,72504
6.2 T0RA
7.82366

FOR C9 POTATION 2y

CE e csvnsnsecsssscrsnnadilSesaceresnansas™ls OLTS e0nnnns

CHTEN 1 FOR CCW RAOTATIONG =1 FOR C'7 DOTATINNM
nnn

The38d
cu EAS
T TIME

MR
1,636

v oouT
[QULS]
-] ,5IrA
1,517
=iJ01R?
=1.9139
=1.%3

JERK DATA
TABLE 3.5.2-1

T-1

5 hot
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et
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e rae

2
4
-
-
7

NADC 80081—60|

TENKL AP g

P PRI 7 A0 TR0 T S AL




\
e

3-20-80

R+ 2¢ in.

NADC 80081-60

SERM L vene et iirnenensdkISeeaitt,cnaaa e FULL VOLTS, SL2W,

SHTER | FOR CC'’ ROTATION; -1 FOR Cu ROTATION 7)1

77,53
e
TIME

12.118
£.901
EPVRA
3,46
0 LAGE

QEADY
Y

SEP¥ i sseuecnancssnnanesedlIScnnnsoncsennedllliLL VOLTS, s0neuae

INTER 1
2ehR
7758
e
TINE
12.163
6.1
44286
3,371
N7

TEADY
HUA

SEP®  eerecatrsrenecnseeARISenesierercnsadiilill YOLTS,0vasnnn

ENTER 1

75.338
N
TIME

11.896
5.867
3.098
3,236

~
2.a0

NEADY
~un

SER®  ieuisnseconrsesvansiXISiceteecsannnselULL YOLTS uenens

o
75.332
aun
e

~rh

EAG
T

9,95
4,675
3.106
2.351
1.89¢

v ouT
(VDRC)

4.8702
AR5
4.86%5
4,853
4,007

6 not

1.559]

3.11a6n
4 65914
£.109%24
7.6%048

FOR CCW ROTATION; -1 FOR CVW ROTATION 7!

FOR CCW ROTATIuilg -1

MEAS
TIME

9,299
4.69

3.136
2.359
1.915

TEAS
TINE

§.217
3.431
L1186
1,599
1.285

HEAS
TImZ

6.238
3.4t

v out
(vpe)

-4.0265
-4.2216
~4.278

-2.2782
-4.,3056

vV ouT
wne)

3,1544
31521
3,175
J.165¢
3,153

v out
(vne)

=3.131

341383
~3.1486
~3.1433
-3.1202

G npoT

1.55718
3,134%0
4,.63534
616737
T.65R7]

FOR CW ROTATION ?¢

G pOT

1.59213
3.17417
4,73787
€.39073
7.52645

ZMTER 1 FOR cCW ROTATION; ~1 FOR CW ROTATION 7-1
nn

3 pOT

1.50653

15448
§o489
f.078r04
7.RADEA

eevevessevsenscavsesAllSeer,nenneecnedliULL VOLT S sovanes

CHTEP 1 FOR CC¥ ROTATION: <) FOR C4 ROTATION 7)

20,388
Ui
TIME

L1613
S.005
3.943
D934
Ted63

1EADY
I

SENP seeensoanssrevecveesAY IS iassenannnacsdlllll VLTS, (u0uane

EAS
TIME

2.528

v our
(VDC)>

1.214%
2188
1,2233
1,2314
1.219n

G POy

1.63298
AR R-20-4
4,83P€n
£,4533%
2.31%23

o SNBSS AR Ry W,

ZUTER 1 FO? CCY ROTATION: <1 FOR CW ROTATION ?=1)
acat
LI
e "LAS v OOUT a2t
TINE TUE VyheH
11,658 HPS- RN «1.0993 1.6059%
T AS {200 LR IPHALS J.a3P
J.l€ Jara ~}.2138 4,7°36%7
T 044 N34 -l 2107 f,a3347
AR .2 ~1.2503 T.97019
ATAPY JERK DATA
TABLE 3.5.2-11
2
E 97
’ *
* . - . L3 =
*,,_‘ . ?
o " T T Ty G Slap A 21 Spt S . , TP, RO o L ‘




\
RUN

Re 24 fa.

SERPueenePPeniercrcencd?ISceeeeennonaslLL VOLTS S AT,
EPTER | FOR CCY ROTATION; -1 FOR GV ROTATION 71

77.592

MEAS
Time

9.C69

673
3.126
2.3%1
1.999

v out
(vpC)

4,8817

4,817

G por

GER#uceevcsccconcrocncseAXISeecassnconocasllULL VLTS, 0eeneee
E";ER 1 FOR CC# ROTATION; =1 FOR CW ROTATION ?-1
CDR

77.529
UM
TIME

12.162
6.131
4,086
3.871
2,473

READY
[un

MEAS
TINE

9.299
4.6%

3.136
2,359
1.915

v Ut
(vpe)

~4.3249
-4,.8259
~4.0264
-4.3266
-4,827

G DOT

1.55731
3.10441
A4,.83534
6.167137
7.65871

SER?.ceeescevccvccesssoeAXIScaacrososoaceeBULL VOLTScaeveens

UM
TINE

11.898
3,966
3.998
3,324
2.42

QEADY
UN

MEAS
TINE

6.218
3.131
2.116
1.998
1.28%

v out
(vpe)

3,1697
3.133%6

ENTER | FOR CCW ROTATION; «I FOR CW ROTATION 7!
32

g por

1.9918€
317466
4,73737
6.30493
7.82643%

SER#.cicesescrcnccccscceAXISaceesecnssncodNULL VOLTS. 0cenese
Eg;iﬂ ! FOR CCW ROTATION; -1 FOR CW ROTATION 7-1
acnR

25,300
RN
TIME

11.938
3.987
4,911
3,419
2.428

QEADY
UM

"EAS
TINE

6,238
J.14)
2.122
1 .634
1.289

v ouT
voe)

-3,1284
«3,1279
-3,1432
-3 1426
«3,.1258

G DOT

1.58653
3.16332
4,72821
6.28] 92
7.80066

SERP icssenvsrsesasscvecsdXISeuorsnscccasssULL VOLTS,eevsens
CNTER | FOR CC4 ROTATION; -1 FOR CW ROTATION ?I

2,382
aun
TIME

11.639
3.848
3.917
2,945
n.372

TEADY
e

v Ut
(voe)

G por

1.6243%

3.23871
4,.83333
6.43124
7.98482

SERA . cuseenorssccconnsceAXlSaoncesccscrceeNULL VOLTS 0cneees
Es;gk t FOR CCV ROTATION; -t FOR Cvw ROTATION ?-)
k]

12,992
U
TINE

11.699
9.86%
3.032
£.93%
o.38

READY

YEAS
TIME

3149
1.636
1.687
827
79

v out
voe)

1,529
“1.519%
-1.517
=1.514
-1.52%9

JERK DATA
TABLE 3.5.2-III

G pOT

1.618%
3.22713
4.81689
f,42%8
7.937%8

NADC §0081-60
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3 U BT

SER®4ucnecssancsoscsnenehRISereangsrrornrefiULL VOLTScecianss

\
nun 3-20-80 R 28t -
SER?.eeeedMacercnreneeedXISeaecSeoreessrshULL VOLTS, $4 V., NADC 80081-60
ENTER | FOR CCV ROTATION3 ~I FOR CW ROTATION ?)
17,542
aue YEAS v out & por
TINE TIME (vpe) }
n.149 9,095 4,8367 1.59898 §
£.281 4.675 4.8954 3.11482 ‘
1,912 3,428 4.8314 465128 -3
3.36 2,381 4.8664 6,1R954
2.463 1.90% 4.9307 7.68357 3
qEADY
SERPasevececnensesoconeshXISuasesraroseonellLl YOLTSy cenness .
ENTER 1 FOR CCY ROTATION; -1 FOR CW ROTATION ?-1 )
1cnR :
27.593 ;
auy MEAS v our G Dot 2
TIPE TIME .3
12,163 9.299 -4.028 1.557IR
6.101 a.69 -4,329 3.19441 Ly
4.286 3.136 -4,0294 4.63534 M
3. 2.399 ~4.9296 6.16737 4
2,478 1.918 -4.0299 7.65%862 2
.
JEADY S
U Q
SER#.ecessencorsoconsacsllISeecacsccssscasbULL YOLTS e sssones ’
ENTER 1 FOR CCW ROTATION; -1 FOR CV ROTATION ?I 19
73 .1 s
aue *EAS v oyt & nor ;
TI~E TINE o)
11,898 6,218 3.1382 1.59186 "
8,967 3.131 3.1397 3.17412
3.998 2,116 3.1749 4B ;
3.026 1.599 3.1709 6.30073 g
2.42 1.285 3.1586 7.82645 |
READY I
RUN
SERPeerescrcrccsncsscoaehklSeacanecssascaslILL VOLTS. ouuens
ENTZR | FOR CCW ROTATION; =t FOR CW ROTATION ?-1 §
3COR
25 209
RUN MEAS v ouT G oot :
TINE TINE <vDe) E
11,938 6.238 -3.1382 1.58653 3
5.988 3.4t -3.1381 3.16299 '
4,312 2,123 -3.1%3 4.72284 ;
$.216 1.604 -3.1497 €.27584 ¢
2.478 1.289 -3.1347 7.80066
READY Y
kI i

ENTER‘I FOR CCW ROTATION; -1 FOR CW ROTATION 71

22,38

f.372

NEADY
e

MEAS
TIrE

34139
1.6
1.083
823
676

v ouT
(Vo)

1.,5234

G por

1 .6243

3.23871
4.83533
6.43124
7.5R482

SER#ueuesesnsesescoosocshRXISasasaccosescaslULL VOLTS seseaes

E";ER )| FOR CCW ROTATION: -1 FOR C¥ ROTATION ?-1I
CDR :

22,328
e
TIME

11.699
3.869
3. 082
2993
.30

NEADY

HEAS
TINE

3.143
1,606
14337
5327
«&79

v out
(VDC)

-1.512
-1,521%
~1,919
=1,5174
-1,332R

JERK DATA
TABLE 3.5.2-1V

G poT

1,61794
3.00708
481670
6.40948
T.95 700




e L el AR e

aun

ZNTER
77.533
Uy
TInE

17,1038
6.307
4,074
3,961
2.467

QEADY
un

3-20.80 R= 20.4 in.
SEMeeeee I iiiini e aalIS e heeeaa Ll voLTs ST,

1 FOR cCV ROTATION; -] FOl C4 ROTATION 2

{EAS
TINE

8,27
4.676
3.127
2.352
1.81

v ouT
«VDC)

-.309909
-2la677
-.3J9058
-.J38541
-.2d014al1

G pot

1.64143
3.2778
4,3843 9
6,53Jn2
€,266807

SIRFseeervescvecoscoseesAXIScsavsencscveaslULL VOLTS ceesaoe

INTER | FOR CCW ROTATION; -1 FOR CW ROTATION ?7-1

neoR
27.529
aun
TIME

12,245
5.144
4,987
3,972
2.474

QEARY
(]

MEAS
TIME

9.342
4,733
3.137
2.36

1.916¢

v ouT
«VDC)

SHTTTS
.918235
816232
«913202
313245

G por

1,6304

3.23877
4 .86885
6,47754
8,24323

SER#.esercescccnscacressAXISencccncoacesellLl VOLTS cevesee
EMTER | FOR CC+ ROTATION; -1 FOR C¥ ROTATION 2?1

295.280
U
TINE

11,941
3.967
3.999
3.02%

TeA2)

IEADY
QU

‘EAS
TIME

6.261
3.132
QA7
1.599
1.286

v our
{VDC)

-».207024
-~ .826489
«.025477
«.234967
- .924322

G poOT

1.66644
333484
4,97599
6,6219€
8.21933

SERPeesecvenverscsssccecAXIScarrccconsasc s HULL VOLTS 0nasees
ENTER 1| FOR CCY ROTATION; -1 FOR CW ROTATION ?-!
S

CDR
25,233
e
TIME

tl.o8
6,93

4,213
3.7

N.409

NEADY

NN

MEAS
TINE

6,281
3.184
2.124
1.635
1.29

vV ouT
(VDC)»

+B31409¢
315071
212995
«812893
NN R4

G pOT

1.66132

4.95863
6.59562
3,192

SE™ ceeessrsecssscncnescdXIS,acsencscoasccliULL YILTS vusenss

~ui
TIrE

.1
3.849

1EADY

e

(EAS
TIME

3.8
1.621
1.084
<823
677

v OutT
(VIC)

-. 202289
-.2)161
-,83339%
«.228116
002461

ZPTER | FOR CCW ROTATIONg -1 FOR CW ROTATIOMN 71
.59

G pOT

1.78362
3.40212
S.278RT
6.7345¢
8.30859

SEMPeseeseesonevnocsreseAlIScrssenccsseaesHULL VOLTS.o0uenes

MTEP | FOR CCY ROTATION; =| FOR C¥ ROTATION ?-1

70399
i

TINE

“EAS
TINE

3.1a8
1.649
1.JCF
PR
L1

v out
(Vo)

LAA0Tag
Jaroren
JO2TA2R
TR
RS IR

JERK DATA
TABLE 3.5.2-V

G por

| R0A0Y
3.,36507

NADC 80081-60




NADC 80081-60

qm 3200 Re23.6 fn.
STRPee0nedenrnerreenendlISe oo L voLTS, SN,

ZUTER 1| FUR ©CY ROTATION; =1 FUR C¥ ROTATION 21

27,539

oud ‘TIAS v T 4 oot
TINE TIRE (vDC)

10,104 9,27 318536 1.55609
60082 1,676 -oJd19367 3 IR248
4.118 3.168 -.J186 4,52527
J.143 D.3%94 =.31Ra53 0059
D538 1.952 =.318773 7.42663
TEARY

nuN

SERF cevaceosvecscssoaessA¥ISecesecaaroeaedliLlL VOLTS oeoaues

SUTER | FOR CCW ROTATIOH; -1 FOR C¥ ROTATION ?-i

CeoR

27.582

aun MEAS v our G pOT
TINE TINE <VDC)

12,206 9.343 +J28324 1.52597
£.120 4,691 929323 3.25244
4,387 3.137 JI29749 4,55138
3,372 2.36 338377 §.06315
2.474 1.916 .a31932 7.5287
TEADY

ReLH]
SIR¥ ieeasvesscnsnnsccessAXIScsacecnanasnadlUll VOLTS.vsnenee

ot i1 ot} FO? CCW ROTATIOM; -1 FOR CW ROTATION ?)

25,392

aam JEAS v our G poT
TINE TIME ne)

11,041 6.261 4239559 1.,55984
6.1 J.174 -.212141 3.09947
4,34l 2.159 =.213161 4,6092%
3348 1.642 =-.213373 6.128029
2,463 1.328 ~.01259%6 1.56232
NEADY

~un

SEMW.seessncconncnseceeseAXISisocncenrsaaccslUll YOLTScoeeenss
ZUTER 1 FOR CCW ROTATION; -1 FOR CW ROTATION ?-1
xeon

25,20

e "IEAS v out G pOT
TINE TINE o)

11.982 6.281 . 316655 1.5545
s.og8 3.0az 219551 3.11358
4,013 2.124 L22174 4.64142
3,417 1.635 .320595 6.17368
aoane 1.29 .3713) 7.66R1R
“EADY

By

#reeoesesscccvcensessAlIScaccnererencesHULL VOLTSeeunenee

INTER 1 FOR CCW ROTATION; -1 FOR CW ROTATION 71
72,549

{EAS vV our G POT
TIME (VDC)
3,178 =.d22606 1.59183
1.643 ~.3327°8 3.16177
l.127 =.332777 4,.7323%
+«RA3 -, 232552 6.2336
.72 -.023322 7.11263
JSADY
i

SERPeesescnccnsscnncnassAYISceenarsvcncnesllULL YOLTS.cueenae
INTER | FOR CCW ROTATION; -1 FOR CW ROTATION ?-1

2COR

20,529

aun ‘EAS v ouT S pot
TIME TINE (vde)

11,747 3.17C JI6I4 1.%0607
3.R17 1.647 ecl1834 Je73cn
3,933 1L.Jan 0T 4,135L0
2,936 00 2108 G.3313R
P.3R1 3 7.0007¢

JERK DA™
TEADY TABLE 3.5.2-VI

bt ) s 9t

ML TP,

-

e,

P T ey




NADC 80081-60

Rttt
INTER | FOR CC'/ ROTATION; =1 FOR CYW ROTATINN 74y S/N3SS R Gin. L
27.532 +3.90¢ .
g IEAS v out G hOT X and Y Axis
TINME TIME e
2,321 8,214 4,9258 1.57558 H
6,33 4.6a7 4,9210 3.14296 . .
4,238 3,137 3.908% 4.69244 ,
3.334 2.337 4,891 24258 s
2.445 1.898 3.,9344 7.74847 3
IEADY
aun .
INTER | FOR CCW ROTATION; =1 FOR CW R0TATION 7-1 :
27.532 §
) tEAS v ouT 5 DOT
TIME TIME ¢VDC) i
12,96 9.244 -4.031) 1.57048 3
6.249 4.662 -4,0321 3.1311 4
4.952 3.117 ~4.08525 2,67423 3
3.245 2.345 -4,23327 6,22233 ;
2,453 1.904 -4.2331 7,72116 §
NEADY i
20 L3
ZUTER | FOR CCW ROTATION; -1 FOR CW ROTATION 71 2
75,282 ]
nun *EAS v oyt s DOT i
TIrE TIME vne) i
11.768 6.181 3.1841 1.63945 3
5.822 3.413 3.1833 5.23528
3.955 2,123 3.2006 4,70387 4
2.973 1.5389 3.1982 §.31367 3
70383 1.277 3.1828 7.91478 4
~Eany
nUN
INTER | FOR CC4 ROTATION; -1 FOR CW ROTATICH ?7-1
75,332
Aun YEAS v out G DOT .
TINE TIME cVDe)
11,828 6,201 ~3.1626 1,604
5,822 3.123 ~3.1624 3.19R22
3.967 2.1 «3.1796 a.77480
2.982 1.554 ~3.113] 6.35144
7.431 1.261 ~3.1597 7.83838
JEADY
e
INTER 1| FOR CCW ROTATIOH; -1 FOR CW ROTATION 21
2,523
2u MEAS vV ouT G Dot
TIME TIME )
11,5 3,116 1,5362 1.64696 '
5,77 1.591 1,5447 3.0806 ¢
3.864 1,877 §.5423 4.92166 4
] 2,925 .82 1.539 €.51979. ;
2,34 673 1,5552 3.09407 {
TEADY i
oy :
INTER 1 FOR CCW ROTATION; -1 FOR CW ROTATION ?-1
20,589 i
Ty YEAS v out g dot i
TINE TIME <VDC) ;
11.541 3.126 -1.5243 1.641114 :
: s, 7as i.55€ 1534 sanm ]
! 3.870 1.381 -1.5313 4.8827 . i
: 2.516 .802 -1.5234 §.4952 i
: 7,348 675 ~1.5433 1.26644 :
~EADY JERK DATA :
4 TABLE 3.5.2-VII .
? . .
!
102




TABLE 3.5.2-VII

103

:
. . [
p ! SOTER | FOR CCW ROTATION; =1 FOR CW ROTATION 71
‘ 77,520
aun EAS v ouT @ poT
TIME TIME )
: 12,33 5.214 -.205661 1.5744
6.335 3,648 -.835698 3.13836
4,042 3.128 -.255329 2.6058
3.038 2,338 -.225929 6.23436
n.448 1.899 -.826481 7.73658
NEADY
2UN
ZHTER | FOR CCW ROTATION; =1 FOR CW ROTATION ?-1
27.508
UN MEAS v out G DOT
TIME TINE ¢wC)
12,111 9.286 .211284 1.56387
6.356 4,663 210696 3.12748
4.256 3.118 812364 4.66963
3.045 2.346 212593 6.21187
2.456 1.905 wenatl 1.71173
2EADY
2t
CHTER | FOR CCW ROTATION; =1 FOR CW ROTATION 71
75.033
Run HEAS v out 6 DOT
TIME TINE €vDe)
11,828 6,223 -.20241 1.60128
5,811 3113 -.322609 3.2242
3.962 2.104 -.002671 4.72041
2.978 1.59 - 002688 6.35997
- 2,439 1.32 -.223025 7.76548
2EADY
AWM
TNTER | FOR CCW ROTATION; -1 FOR CW ROTATION 7-1
- 25.332
RU “EAS v ouT 6 poT
TIME TINE (VDe)
11.868 6.243 .308308 1.59539
5,932 3.124 ~22831 3.15285
3.975 2,111 .208328 4.76478
2.988 1,595 238481 6.33869
2.436 1.282 808439 7.87199
READY
2N
ENTER ! FOR CCW ROTATION; -1 FOR CW ROTATION 71
72,
20N MEAS v ouT 6 poT
TIME TIME (VDC)
11,57 3.159 000283 1.63699
5,784 1.992 ~830232 3.27455
30875 1.078 ~0024 2.88774
2,955 863 - 208295 6.40948
2,347 673 . 909356 8.26988
QEADY
2un
ENTER 1 FOR cCY ROTATION; -1 FOR CW ROTATION ?7-1
N FEAS v ouT 6 poT
TIME TIME ¥De)
11.612 3.17 206273 1.63187
5,834 1.597 006235 3.26327
3.e88 1.0¢€1 ~00553 a.8714
2,923 .823 235797 6.47564
2,358 2676 2338765 8.04246
~EADY JERK DATA

NADC 80081-60

S/N 355 R=0in.
+3.1 W
1 Axis

—
P o R bk v i




Ry

27.533
our
TIME

{2.148
6,981
1,473
3.26
.466

TEADY
e

R =24 in,
SERP veeeeedl¥eeinseeneecAlISeeec oo, diLL YOLTS . 5o 2.

ENTER | FOR CCW ROTATION; =1 FOR C4 ROTATION 21

v out
(VNC)

A,9400
4.9480
4.831%
4.9137
4,951

6 DOT

1.559)

311462
4,65214
6.18954
7. 68045

SER# . evvacevenesecsannsedfISausecencsaoocstlULL VOLTSseeuauss
ZHTER | FOR CCY ROTATION; -1 FOR CW ROTATION ?7-1I

aun
S

GHTER 1

25,220
TUN
TIME

11.898
5,967
3.998
3.935
.42

NEADY
un

MEAS
TIME

9.299
4,69

34136
2.35%
1.515

'EAS
TIME

6.218
3,131
2,116
1.599
1.285

v out
(VDC)>

-4,3331

vV ouT
Vde)

3.2283
3.2259
3.2419
3.2359
3.2192

G DOT

1.55718
J.12448
4,63534

71.63871

EPH teererenesnnaonassasfXISeareranasesessllLl VLTS cernnsns
FOR CC4 ROTATION; -1 FOR CW ROTATION 71

G hoT

1.3918€
3.17412
4,73737
6.,38283
7.82645

SERPeevevaneacscoccacseefXISeoaencoresoneelULL VOLTS coceanes
EHTER | FOR CCW ROTATION; -1 FOR CW ROTATION ?-}

enk
25,333
ik
TIME

11.938
5,906
4.412
3.416

n.428

~EADY
My

'EAS
TIME

6.238
3.041
2,123
1.604
1.289

v ouT
¢VDC)

G DOT

1.58653
3416433
4,70284
6.279R4
7.RQ26K

GEPA i iievoervverossensseAISceicsceancasasllULL VOLTSeeunaess

ENTED

20,322
U
TIME

11.6%9
S RaR
3.017
N.943
nL3T

EADY
o

MEAS
TINE

3.13%
1.6
1.283
.825
877

v out
(4]

1.5348
1.3427
1.539¢
1.3374
1.553n0

FOP CCW ROTATION; -1 FOR C4 ROTATION 71

G bor

1.6243

3.23R71
4,83%533
6.43124
T.98482

CERFuccannannccosssnssesAXISacesacsscocarelULL VLTS csseause

0,549
iy
TIME

11.699
3,369
3,982
n.893%
T8

MEADY

‘EAS
TINE

3,145
1.636
.07
827
€79

TABLE 3.5.2-1IX

v ouT
«VDC)

=1.,3364
~1.3440
=1.3417
~1,5384
=1.5543

JERK DATA

104

Eggﬁﬂ 1 FOR CCW ROTATION: =i FOR CW ROTATION ?-}

3 por

1.61894
3.02713
4,R)6&RY
£,473948
7.9579¢

NADC 80081~60




Y R e ol

2N

R=24 1n.
SERM eeereBiiniireneaesdllSeedFereneeeneatilill VOLTS, 6,20,

THTER | FOR CCW ROTATION; =1 FOR CW ROTATION ?|

27,53
aun
TIbE

1202
6,481
4.313
3.46
N.466

TEADY
aoun

IEAS
TINE

9.269
4,675
3,126
2351
1,999

v out
(vneH

4.9319
4,9447
4,9273
4.9114
4,901

3 por

1.56245
3.11462
4,65814
£,1n954
7.6%325

GEReervevseveorecsseecesAXlScorananesaanadliUll VOLTSeuseeaas

ENTER |

3.d71
N.473

READY
am

MEAS
TIME

9.299
4.69

3.136
2,359
1.915

v ouT
(47 5]

~4,2362
-4,2371

~4,0376
~-4,2377
~4,333

FOR CCW ROTATION; ~1 FOR CW ROTATION ?~1

G pOT

1.5%731

T.65871

SERP qecevocceosssnsvssnsflISccanssasaceoee NULL VOLTSeeesesnee

2iTER |

g{ly
TirE

READY
2un

tEAS
TINE

6.217
3.431
2.116
1,599
1.285

vV out
(vbe)

3.242
$.2243

FOR CCY ROTATIOH; -1 FOR Cw ROTATIOH ?1

G DpOT

1.592

3.17466
4,73737
6.32283
7.82645

SERP . eeveeressasonsoscesBXISecceasnesanasoliLl VOLTS. ceuvan.

INTER 1 FOR CCY ROTATION; -! FOR CW ROTATION ?7-1

ChR
?75.323
T
Tire

P1.938
5.987
4.012
2.6

2.428

CEADY
HUY

HEAS
TIME

6,238
J.14al
2.123
1,634
1.289

Vv out
(vnc)

-3,228

-3,205%
=3.219¢%
-3.2131
=3.1972

G DOT

1.58653
316352
4,72384
6.,27982
T7.03366

SER#esssvcvecesosssceassAXISecenasoncenseslULL VOLIS.0eeenes

ZI'TER 1| FOR CCW ROTATIOHN; -1 FOR CY ROTATION ?!
272.599

W
TINE

11.659
5.848
3.7
C.045
2372

JEARY
e

MEAS
TIME

3.135
1.6
1.983
«R25
676

vV ouT
vpe)

1.5483
1.5482
1.5447
14342

1,537

G pOT

1.6245

3.23271¢
4.03533
6.43174
T.98422

SEMeueecsscesasscrcenscAXISenncsrecessnsellLL VOLTS, 0 0e0es

COTER | FOR CCY ROTATION; -1 FOR CJ ROTATION ?7-)
cne

70,533
e

TIME
|l.ﬁz9
5,PR¢
3.932
7,953
N.J3R

TEADY

'EAS
TIME

P:dse
1.987
.8307
<879

vV outT
<upe)

=1.3433
=1.5488

JERK DATA
TABLE 3.5.2-X

105

G DOT

1.61894
2013

6.a2048
T 9579

NADC 80081-60
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\
h U

27.532
un
TIME

12.123

. 8,481

4,313
3.36
2,466

READY
RUN

R=24 in,
SER#.veee el ecenncncese@XISeeethecuaeeesoBULL VOLTS, . o8O0,

ENTER | FOR CCW ROTATION; -] FOR CV¥ ROTAYION ?)

MEAS
TIME

9.069
4,675
3.126
2.3%1
1,529

v our
(VDC)

4,9356
4,9489
4,9333

NADC 80081-60

G noT

1.56232
3.11462
4.65014
6,18954
7.68245

SERP iesenecsanccccnsncssAXISeacencsosascesNULL VOLTS 0coenes
EMTER 1 FOR CCW ROTATION: -1 FOR CW ROTATION 7-1

nNCOR
27.580
RUN
TINE

12.162
§.1
4,986
3.471
2.473

READY
RN

MEAS
TIME

9.295
4.69

3.136
2.359
1.91%

v outr
(vDC)

-4,9332
4,834}
~4.8543%
-4,0347
-4.033

G por

1.5%731
3,.10492
4,63534
€,16737
7.65871

SERP . cseivenccccscecaceeAXIScronecnascoeeeNULL VOLTS.conanee
ENTER | FOR CCW ROTATION; -1 FOR CW ROTATIOR ?1-+
73.000

RUN
TIME

11.898
5.5967
3,998
3,925
£.42

FEADY
[un

MEAS
TIME

6.218
3.131
2.116
1.599%
1.28%

v our
(VDC)

G pot

1.59186
3.17412
4,13737
6.38283
7.82645

SERPPucievcvvcvocvatcneeeAXIScuescosrosonss NULL VOLTS,0euunse

ENTER | FOR CCVW ROTATION; -1 FOR CW ROTATION ?-}
AChR

25,339
0N
TIME

11.938
5.986
4,812
3.316
f.a28

QEADY
UM

HEAS
TINE

6.238
J.041
2.123
| .634
1.289

v out
(voC)

=3.1981
=3.1%929
=3.21

«3.2233
-3.18%52

G DOt

{.58653
3,.16425
4,.72884
6.27984
7.80066

SER#icecseesncecnsasaaseRISecenencscoosaeNULL VOLTS.ccacens

Aup
TINE

11.658
3.848
3.817
2.045
f.372

AEANY
anm

{EAS
TINE

v out
(VDe)

1,3342
1.5417
1.338

1.3344
1.5%18

ENTERgI FOR CC' ROTATIONs =] FOR CW ROTATION 7)
2

G DOT

1.62464
3.2387)
4,83533

7.98482

SER?eevevecsovcscoseseesArIScsernoncsccncclULL VOLTS.oseoeaes

EH;ER | FOR CCW ROTATIOH; -1 FOR Cw ROTATION ?-I
TCOR

MEAS
TIME

3.145
1.636
1,287
A27
8T

v oUT
neH

=1.3336
=1.5421
=1.339%
=1,33%8
~1.3%27

JERK DATA
TABLE 3.5.2-X1

G bor

1 .618%4
3.22713
4,3] 685
6. A0%4R
T.95798

TR T B AT

JETRJons. gl

RN

ey




\
nw

3-20-80

R= 26 tn.
SEMPeeeeree I tinninneeenXISeaeileeenners JHULL VOLTS, o5

NADC 80081-60

™.

CUTER | FOR CCY ROTATION:G -1 FOR C4 ROTATION 7!

27,53

i YEAS v ot 6 hot
TIME TIrE Vne)H

10,148 295 4,9037 1.8591
6,321 4,675 4,93Jr 31460
1,477 3.125 4,812 4.65100
3.6 2.351 4.894 6,109%4
N.466 1.92¢ 4.9301 T.68345
EADY

BERP i eevsvsonsecnocersssAXISusannsaananaseNULL VOLTS s 0neneee

ENTEY 1 FOR CCW ROTATION; -1 FOR CW ROTATION 7-1
cn:

N

27.538

aun tEAS v aut G DoT
TIME TIME (VDC)

12,162 9.299 -4,8333 1.53781
§.131 4.69 -4.0344 313441
4,486 J.136 -4 ,0348 4,635934
3.071 2.3%9 ~4.835 §.16737
0.473 1.01% -4,23%3 T.65871
EADY

i

SERM esevocnvecsnvonneesBXISeaacenecronoeeNULL VOLTS, 0vneene

ZHTER | FOR CCV ROTATION; -1 FOR C4W ROTATION 7}
25,092

e MEAS v out G DOT
TIME TIME vbpC)

11,89 6.218 3.200% 1.59186
3.966 3.131 32173 3.17466
J.o8R 216 J.2352 4.7
3,295 1.399 3.226 6.,39283
2.40 285 3.2287 7.82645
READY

2UN

SER# . ccrtevncccesvonnessARlScanosovecccaeelULL VOLTS.0nsaase

CHTER | FOR CCW ROTATIONg -1 FOR CW ROTATION ?-1

aChR

73,338

JUN MEAS v ouT G DOT
TIME TIME (VDC)

11.9358 6,238 -3.1994 1.98633
5.987 3141 =3.1966 3.16352
4,910 2.123 =3.2123 4.70°084
3316 1.634 -3.20%6 6.27984
N.40R 1.289 -3.1891 7.82066
IEADY

T

SERP eevnvecrssccccrcncsedlSeucvrenssasaasNULL VOLTS.00sesee
ZOTER | FOR CCY MOTATION: -1 FOR CW ROTATION ?)

2.5
n MEAS v out 4 bor
TINE TIME (VDC)
11.6%9 3.138 1.3347 1.624%
348 1.6 1.342% 3.23a71
3.917 1.283 1.3388 4.R3533
0.0a5 825 1.3362 6.43124
n.a2 676 1.35¢21 7.98482
AEADY

™

SER? . oueeroscnnsenosocesAXIScoravesscosacelULL VOLTS eaarasce

ENTER | FOR CCW ROTATION; -] FOR CW ROTATION ?-1|

RCNR

20,538

RN *EAS v Ut G bdOT
TIME TIME (VPG ¥

11,699 3,145 -143332 1.R1894
5 .069 1.626 “l.344 3.22N38
3.832 1.387 =] .541 A, LLENS
.99 oR27 -1,336° 6.42%4R
c.38 K70 - 1.9%34 7.9 79R
AEADY JERK DATA

TABLE 3.5.2-XI1




ok

aunm 3-20-80

Re 23.61n

SER? ceveeedBerecncceeree®hISeesecannnneottitl voLTs, 58-89,

PUIB
TIRE

12.151
&,174
4,116
3,104
2,5¢8

READY
qun

MEAS
TIME

9.287
4.718
3.169
2,395
1.9%2

v ouT
(D)

“DT1795
~d721 66
372015
~.071864
-.072547

EHYEW I FOR CCY ROTATION; =1 FUit CW ROTATIOM ?}
a3

G notT

153288
3.2414R
4,52327
6,332A4
T, 42863

SER¥vcvencoscnnsecsccscsAXIScioanerceananeNULL VOLTS.c0venne

ENTER | FOR CCW ROTATION; -1 FOR C¥ ROTATION 2~}

3.114
2,516

EADY
RUn

MEAS
TINE

9.3

4.733
3.179
2.402
1.9%8

v out
(vpC)

23663

G poT

1.53137
3.83237
4,51132
5.98137
7.402302

SERPucvccescoscvecncnerssAXIS einecnoecnseoNULL VLTS cooease

NTER ! FOR CCW ROTATIOM; -1 FOR Cw ROTATION 7

25,492
RUN
TIrE

11,941
6.211
4,342
3.249
2,463

TEADY
aup

FEAS
TIME

6.261
3.173
2.1%9
1.642
1.328

v OUT
(vpe)>

~«33[5R3
-.231291
-.23150¢
=.83162%
~.85130¢

G pot

153984
3.09863
4,.62812
§.10889
7.56232

SER#cevvernaesacorsocncehRYIS 0acceevnecacsNULL VOLTS,vouesas
SHTER | FOR CCW ROTATION; <) FOR CW ROTATION ?-|

renn

3.9%9
R

READY
aun

MEAS
TIME

6.281
3.184
2,168
1.647
1 .332

v out
€voc)

02747

927739
22778
.328026
227117

G por

1.5545
3.J894
4.59334
€,9889P
7.353784

SER#iescnccreccccoscncesAllSeuarecnccoseaclULL VOLTS e0uease

ENTER | FOR CCY ROTATION: -1 FOR CW ROTATION ?1

72432
aue
TIME

11.701
3,892

READY
e

MEAS
TINE

J.1 e
1,644
1.127
868
72

v ouTt
¢<VDC)

- D28887
-.329288
-.82%070
-.2281d8
=-.02933

G poT

1.39183
316124
4,72035
6.2336

7.71263

GER#ueevecccnnssnsncnassAfISeceecrsoscansslLL VOLTSeeuranae
EHTER ] FOR CCW ROTATION; -1 FOR CW ROTATION 7=t
cHRr

77,520
Tun
Timg

11,742
5.012
3,073
2L99R
2.003

QEAPY

“EAS
TIME

3.188
1 .£48
fa13
.87

.20

v out
(vne)

Jalsze?
13138
312934
10748
J13J2¢

JERK DATA
TABLE 3.5.2-XIII

¢ por

tLARK2T
3.15854
4,6R8 79
e.01081
7.68717

NADC 80081-60




w1

\
aun 3-20-80

R = 24.4 1in,

SERF . eee i XIS s R e e e BULL UNLTS, . 6O,

EWTER ) FOR CCW POTATION; -1 FOR CW ROTATION 7|

27,520

B HEAS
TIME TINME
12,124 9.27
€,123 4,718
4,116 3,169
3.134 2,395
.59 1,953
READY

Rtn

v ouT
pc)

~ Q62962
-.863503
-~.863%77
-,863172
- I63312

5 potT

1.64129
3.249¢8
4.83455
6,41276
7.93135

SEPPecsecscecncssceseseaAXISeseaarestoaas HULL VOLTSsentnees
EMTER | FOR CCY ROTATION; =L FOR CW ROTATION 7-{

RCO]

27.52¢

rUH HEAS
TIME TIME
12.235 9,342
£.144 4,733
4,129 3.7
3.114 2,482
2.516 1.958
EADY

R

v out
oe)

029515
+829838
«329284
« 329893
<B32249

G por

1.6324
3.,23877
4.81933
€.39017
1.98098

ENTER | FOR CCW ROTATIUN; -1 FOR CW ROTATION 7!
?5.320

UL MEAS
TIME TIrME
141.%4a1 6,261
6.d1 3.174
a.dal 2,159
3.249 1.642
D.463 1.328
JEADY

[un

v ouT
(47 3]

-.048714
- 048593
~,348976
- .24891

-.248264

G poT

1.66644
3.3129R
4.92428
6.5264

8.,07917

SERA . usvseecnnsonvrcnnesAXISesoencecrcacasNULL VOLTS s aunoeeee

EMTER | FOR CCW ROTATIQH; =1 FOR CW ROTATION 7-%
5

acon

75,083

UL MEAS
TIME TIME
11.981 6,281
£.93 3.184
4,853 2.166
3,359 1,647
.47 1.332
QEADY

aun

v ouT
(vpe)

.025832
225178
.825287
324836
025079

G por

1.66288
3.3

4,92727
6.52527
3.85321

SER#eueevoossoncancsasssAXISeausoesssnsseeMULL VOLTSeceensss
EPTER 1 FOR CCW ROTATIOM; =1 FOR CW ROTATION ?1
72.532

UN "EAS
TIME TIME
11.70 3.7
3,892 1,644
3,961 1.127
n,o88 <868
£.AlS N4
TEADY

0

v out
{vpe)

- 028385
- 028375
-.0268707
-,228385%
-.82R8912

G pOT

1.72062
331720
5.082373
6.R3964
8.2397%

SEM eeseovssencescnscessAlIScacscasccereeelillLL VOLTSeeoranen

EN'(%R I FOR CCY ROTATION; -1 FOR CW ROTATION ?7-)
o

72.533

kU MEAS
TIME TIME
11.741 3,188
5.912 1.649
3,974 1.13
2.008 «R?
2.404 120
EADY

v out
vbe)

«313089
+313374
«913593
313386
«313399

JERK DATA

G poT

1.69483
3.365R7
3.3273
f.63742
R.O391€6

TABLE 3.5.2-XIV

NADC 80081-60
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NADC 80081-60 3

]UN

ENTER | FOR CC4 ROTATION; =1 FOR C4 ROTATION 71 S/M 313 Reo in. ) 1

77,508 -6.50

2uN YEAS v ouT G DOT X and ¥ Axis 4

TIME TIME voc) i;

2,02 9.214 4,9292 1.57571 K

.83 4,647 4.9464 3.14296 g

4.238 3.197 4.5285% 4.692a4

3.034 2.337 4.9387 §.24258 .

2.445 1.898 4.9487 7.74642 b

NEADY 1

il

ENTER 1 FOR CCW ROTATION; ~1 FOR CV ROTATION 7-1

77.582 v

U PEAS v ouT G poT

TIME TIME <vDC)

12.96 9.244 -a.8372 1.57048 ‘

6.349 1.662 -4.0382 30311 s

4,252 3017 -4.0386 4.67423 A

3,245 2,345 -4.2389 6.72003 f

2,433 1.904 -4.3391 7.72016 E

2EADY

un "

EWTER | FOR CCY ROTATION; ~1 FOR CW ROTATION 2?1 é

73.302 .

U 'EAS v autT G rot ;

TIME TINE (We) -

11,794 6.207 3.2338 1.6059

5,902 3.113 3.229 3.22938 :

3,955 2.103 3.243 4.78887

2.973 1.389 3.233% 6.37067

2,393 1.277, 3.2197 7.9147%

READY

U

ENTER 1 FOR CCW ROTATION; ~1 FOR CW ROTATION 7-1

75.322

2R MEAS v out G poT .

TIME TINE vne)

11.828 201 . -3,2056 1,604

5,802 3.123 -3.2031 3.19824

3.967 2.11 -3.2183 4.77439

£.983 1.594 -3.2117 6.3493

2.4 1.281 -3.195 7.89167

IEADY

QU

ZNTER | FOR CCW ROTATION; =1 FOR CW ROTATION 71

2,500

un YEAS v out & not v

TIME TIME <vpe) i
;

11.5 3.116 1.539 1.64656 t

5,77 1.59] 1.5466 3.2825 }

3.864 1.977 1.543 4.96166 )

2,903 .82 1.3394 6.51575 :

2,34 673 1.5544 8.09422 e

READY :

W !

sgrggal FOR CCV ROTATION; -| FOR CW ROTATION ?=1 g

au YEAS v out G Dot :

TINE TINE (VDC) ]
¢

11,54 3.126 -1.%4 1.64123 !

5,79 1.596 <1.5473 3.27116 \

3.878 1.08 -1.5442 4.AB39K ]

2,916 822 -1.3423 6.4982

2.348 673 -1.3361 8.06644

READY JERK DATA A

TABLE 3.5.2 =XV

110




PO

it ot aiad ) e T T T N
< I " Ruiaritas s o

.
i
NADC 80081-60 !
N *
EMTER 1| FOR CCW ROTATIOM; =1 FOR C¥ ROTATION 71 S/N 373 Re0in,
. 27.530 -§.2 W L
R0l YEAS v ouT G poT T Axis
TIME TIME (VDC) Ly
12.372 9.256 -,254157 1.56892. ‘
. 6,977 4.69 -.25421 3.11667
4,984 3.15 -.054414 4,683761 F
3.081 2,381 -.054396 6.1473%
2.49 1.941 -.354856 7.62643
NEADY ‘.
TUN g
CUTER | FOR CCW ROTATION; -1 FOR CW ROTATION -1
77.539 .
aum MEAS v ouT G poT )
TIME TIME (VDC) 'i
12,113 9.287 016855 1.56361 i
6.356 4,663 816281 3.12748 1
4,256 3.118 «215863 4,66963 5
3.249 2.346 01644 6.,21187 ¥
2.456 1.905 016551 7.71173 1
-
QEADY )
un *
ENTER | FOR CCW ROTATION; -1 FOR CW ROTATIOH 7! £
75,320
UM 'EAS v oUT G DOT
TINE TINE (vDC)
11.R28 6.223 -.048132 1.62128
5,953 3.15% -.339801 3.18159
4,203 2,146 -.8399%6 4,73145
3.32 1.632 -.040111 6.27152
2,439 1.32 -,839936 7.76548
.
MEADY
TN
ZHTER | FOR CCW ROTATION; =i FOR CW ROTATION ?-1
75,320
. un MEAS v out G poT
TIME TINE vDC)
11.369 6.244 .015467 1.59575
5.932 3.124 .215383 3.19285
3.975 2.111 01532 4.76418
2.988 1.595 215043 6€.33869
7.405 1.282 215255 7.87526
READY
Ut
ZNTER | FOR CCW ROTATION; ~1 FOR CW ROTATION 71
72,520
un EAS vV ouT G poT
TIME TIME ¢<VDC)
11.572 3.16 -.02349% 1.63671
5.82% 1.634 -,823523 3.251% 3
3.917 1.12 -.223523 4,83%33 }
2.956 .863 -.323544 6.40731) ;
2,389 .76 -.223518 7.928
NEADY
au .
ZNTER 1| FOR CCW ROTATIOM; =1 FOR CW ROTATION 2-t ;
22,522 '
RUM MEAS v out G pot :
TINE TIME voe)
11,611 3.169 007952 1.63121 ,
5,804 1.597 L2078 3.26327 :
4 3.688 1,281 307748 4.8714
2,923 .823 287719 6.47964
2.3%5 .676 .297778 £.94246
TCADY JERK DATA

TABLE 3.5.2-XV1
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i

[T JOPR - | PR b

ZOTER 1| TOR CCW PROTATION; =1 FOR CY ROTATION 7?1

77.99
aue
TIME

10,148
§.98}
1.973
3.6
244686

JEANY
aun

SR, esssecscccvecscvassAXISeonrsornssonsostiUll VOLTS.0e0enes

ZHTER | FOR CCVW ROTATIOH; -1 FOR C¥ ROTATION ?7-1 )

TCOR
77.598
aun
TIME

12,162
6,131
4,486
3.a1
0,473

TEADY
mp

SER# i cesaovececsrsesscasAlIScoesccecsnnsssNULL VOLYS esuenas
ENTER | FOR CCW ROTATION; <! FOR C¥W ROTATION 71
7%.302

Sup
TINE

11.887
5.967
3.008
3.30%
D.A?

EADY
N

SERP.ccerencnsronesaneesAISconrnncocccossHULL VOLTSceevacns
ZSEER 1 FOR CCW ROTATION; -1 FOR Cw ROTATION ?-t
H

23,332
~un
TIME

11,038
S.076
4.1
ML
.40

JEADY
Ty

SER# svevavoncanncenossesAXISeoronrrensasseliUll VOLTS,00uesss

RUR
TINE

11.638
5.847
3.917
2,948
D372

JEADY
aun

3-20-80

(EAS
TIME

9.29%
4,67
3.126
2,351
1.939

YEAS
TIME

9.299
4,69

3.136
2.3%9
1.915

MEAS
TIME

6,217
3.131
C.lle
1.599
1.265

MEAS
TInE

238
3.141
c.123
1,694
1.289

tEAS
TInE

3.133

v ouT
(vdC)

4,7724
4,.7791%
4,7632
A, 7425
4,779

v out
)

=3,99%
=4,82081
-4,300%
-4.,3906
-4.001

vV our
{voe)

3.1297
3.129
3.1404
3.1346
S.1206

v out
pe)

~3.1436
“3.1424
=3.1346
“S.1474
~3.1324

IQTZRJI FOR CCW ROTATION; -1 FOR CW ROTATION 7?1
? 9

v outT
<VDe)

1.388

1.5107
1,5074
1.5846
1.5233

et eeeeen tiILL VOLTS <UL BN,

NADC 80081-60

G por

1.359)

3.11462
4,6%5314 !
6.18934
T.63348

G por

1.95731
S.18441

T.658M

G por

1.592

317412
A, 7137137
6.58283
7.82645

G DOT

1,58653
3,164
4,720R4
6.27984
7.00966

G por

1 .62464
3.23927
4,/3333
6,431 24
7.98482

SERP sevescescvesooncsnneAXISencsnonsscces HULL VOLTScoeennes
EMTZR 1 FOR rCW ROTATIONG -1 FOR Cw ROTATION 71

aenn
0.592
il
TINE

11.699
3.869
3,932
2,993
.38

NEADY

YEAS
TIME

J.143
1.6d6
1,987
27
KT

TABLE 3.5.2-XVI1

v out
(VD)

~1.5%49
1,533
~1.333€
~1.5274
~1.3427

JERK DATA

¢ por

1.81094
3.02118
4,109
£,43%48
7.9370R




e rd e

'\rur 3-20-80 R = 2¢ in.
TER®ereeeatBlociiencnaniailSeeeaananaas UL VOLTS, S)1, 90,

CNTEY 1| FOR CCY ROTATION; -1 FOR CW ROTATION 21

71,83

iUl MEAS v our G pOT
TIrE TIME (VDC)

12103 9.269 4,7474 1.56032
R,J01 3.673 4,7615 Ze11467
4,972 3,175 a,7441 4,65170
J.0R N.331 4,727 fi,17954
Te466 1.9d9 4,7637° T.6745
IEADY

aun

ST eeesneansssesvncscsasAllScacnccnsanssesllll VOLTS.eenaonse

TUTZIR | FOR CCW ROTATION; =t FOR CW ROTATION ?2-|
acnn

?7.502

HIB EAS v ouT G rot
TIng TIMg (VD)

12.162 9,099 -5.9989 {55751
6.l 4,69 -4 3.12492
4.286 3.136 -4,3238 4,63534
3,271 2,359 «a,2303 6.16737
2.413 1.915 -4.200¢ 7.65R71
2EADY

ue

SEP# i eeesocecncsascessesAKIScsanccnceessnellL VOLTS.easenes

24127 | FOR CCW R0TATION; -1 FOR Cd4 ROTATION 71
75,203

pp (EAS v out G DOt
TINE TINE <VBC)

11,798 6.218 3.1263 1.59186
5,567 3.131 311048 3lt7a12
3,908 2116 301387 4.73737
3094 1.59% 3.1343 6.32493
naen 1.285 31715 7.80648
AEADY

Rty

SER ieveevcrovesossersessAXISeievosncanseestlULL YOLTSeovnenee

TETER ( FOR CCW ROTATIGH; -1 FOR CW ROTATION 7-t

RN

?5.309

i MEAS vV OUT G DOT
TIME TIME vpe)

11.838 6,238 =3.1484 1.5B653
S.o07 3.1at -3.1379 3.16352
212 21283 ~3.1523 4.72084
3e016 1.634 =3.1468 6.27934
NLalf 1.289 =3.1321 7.82066
IEADY

o

SER#ueeesesvsecccscceeceAllSeccrococnnaaeslULL VOLTSse0senes

EPTER | TOR CCW POTATION; -1 FOR CW ROTATION 2
20,52

e 'EAS v out G pot
TInz TINE (vDC)

11,639 3,135 1.5834 1.6245
5.r47 1.6 1.5129 3.03927
3.017 1,333 1.31 4,.83533
2943 823 1.5069 G.A3124
2372 877 1.5232 7.98482
TEADY

o

SER? sesassnnscccnsonsnesAhIS acroecssccsesiLL VOLTS,osusase

ZPTER ) FOR CCY ROTATION; -1 FOR Cy ROTATION ?-1
hit\ )

10,539
a “EAS v out G poT
TINE TIME ne)y

11,695 3,145 ~1.3036 1.6109
S.rgo 1.636 -1,5329% 3,22718
3.e32 1,987 -1.3080 4.°1609
2,038 307 =1.30%¢ £ 42C4R
NJ3R 70 ~1.5416 7,95 798
EanyY JERK DATA

TABLE 3.5.2-XVII
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\
nur

3-20-80

Re2¢ in.

NADC 80081-60

SEP% iaernseMicereecnseidiSeeesetlerene il VOLTS, 31300

ENTER
< 27,532

i

TIME

2.1 49
.81
3,972
3.96
n.486

1 AEADY
' qun

“EAS
TIME

9.00%
4,675
3.125
2.33%1
1,839

v our
(vdDC)

14,7668
4,7734
4,.7583
4,741
A.71T17

FOR CC ROTATION; -1 FOR C4¥ POTATION 2?1

3 potv

1.5589¢
3.11462
4,63128
6.189%4
T.68345

SERPeceenensecancessvessAXISeareeasceasssslULL VOLTS,cevenee

ZHTER

ACDR
?77.532
e
TIME

12.162
6§.121
4,286
3.97
2.473

READY
UK

{EAS
TIME

9.299
4.69

3.136
2.3%9
1.915

vV out
(Voe)

=3.999

~4,30801
-4,08204
-4,2005
~4.0099

FOR CCW ROTATION; -1 FOR CW ROTATION ?-i

G DOT

1.55731
3.1344¢
4,63534
6.16737
7.6387]

SER? eveeesvocsvessneaseAXISseeeancscccnselULL VOLTS.eenenee

TU&
TINE

11.898
5,967
3.958
3.326

I
f
ﬁ n.a2
1
|

READY
TN

'EAS
TIME

6.218
3131
2.116
1,599
1.283

vV ouT
(4] ]

3.1301
J.312
J.l444
3.1397
3.1225

ENTER | FOR CCW ROTATION; -) FOR CW ROTATION 21
?75.332

G DOY

1.59186
J.17412
4.73737
6.38273
7.82645

SERF suvececovsvenscacseeARIScvercarnveasecHULL VOLTSeeeeness

i

25.339
IUN
TINME

i
?
]
-

11,938
5.986
4,212
3.216
C.a08

SEADY

R

20,5
auw
TIME

11,659
5,RAR
3.017
2,043
2,872

“EADY
e

2,833
e
HE

MEAS
TINE

6.238
3.141
2,123
1.624
1.289

MEAS
TIME

3.13%
1.6
1.983
«823
877

'EAS
TINE

3.143
1,636
1.487
827
«£79

JERK

v our
vpe)

~3.1429
~3.1422
=3.1534
=3.1479
=3.1317

v our
<VBC)

1.5233

v out
(VDC)
=1.329¢

~1.3323
<1.9093

DATA

TABLE 3.5.2-XIX

114

E"E§R | FOR CCW ROTATION: -1 FOR CW ROTATION ?-)

G DOT

1.5865%3
3.16435
4.72084

6.27984
1.80326

SET# coeeensncsstacrenceeAXIScucevscssncssellULL VOLTScoveenne

ENTER | FOR Cccw ROTATIOM; -1 FOR CW ROTATIOM ?t
99

G poOT

1.6245

3.23871
4,R3333
6.43104
7.98482

SER iieeaeeranenseosesseAXIS nteecanacensULL VOLTS, ieeeen.
EMTER | FOX CCW ROTATIUMg =1 FOR CW ROTATIOM ?-1
wenp

G not

1.A1R%4

22N
ARLENS
£.A941
T.9%8 700

P




e T S e o

UM 3-20-80
SERP seeeasdBlovenscnenesdNISaanaathessnoaatiUll VOLTS, NI

ZUTCX | FOR CCY ROTATION; =1 FOR C4 ROTatlon N
77,539

un
TIME

17,148
f.I81
3,018
3,56

. L

tIADY
aun

1EAS
Ting

8.295
4,675

R 2¢ in.

v oourt
«ne)

31,7519
4,1577
47411
4.7830
4.750¢

NADC 80081-60

G not

1,5%91

5.11467
4,652
6,954
T.6804%

ffoi ] PP S AIRY 4 ¢ TP R IR 1 § S

CHTER | FOR CCW ROTATION; -1 FOR Cw ROTATION ?-!

neht
277.539
hitl]
TINE

172,162
5,10
FPRITS
3.2M

YZADY
SMHI

FEAS
TIME

v our
[QUL W]

~4,3312
~4.,2317

G not

1.58731
3.13441
4,63534
S U687
1.63€7)

SEPP iiienencancocnoasssesdXIS uuaniennanecsHULL YCLTS ciqense

IrTI? 1 FOS CCW ROTATION; -1 FOR CV ROTATION 71

25,0949
Apn

t YEAS v Ut 6 hoT
TIME TIME (vDe)
{1.208 6.218 3, 1262 1.59186
5.967 3.131 31248 3,1t
3.898 N.116 3.1388 4. 73737
3,335 1.599 3.1338 6.32283
R 14 1.285 3.1158 7.82645
NEADY
Ul

‘ SEMPeevcanovrrncossanesdXISuuisacronsnesslULL VOLTS 0puee.s
ZUTER 1 FOQ CCW ROTATION: =1 FGR Cw ROTATION ?-}
“COR
25,322

. i IEAS v out G noT
TIrE TIME (VD)
11.938 6,238 =3,146 1.58653
5.007 S.ial -3.,144% 3.16382
4,11 2.420 -3.1957 4.7
3,916 1.634 -3.1933 £.27984
2,422 1.289 -3.137¢ 7.23266
LAY
o

13 PP PRPRY 9 4 T T 1 R IR T) T ¢ PR

ENTEP |
AT LAY
24333
(%
TInE

11,639
$.848
3,917
S
2870

TEADY
cop

tEAS
TIME

3.13%

v out
(VvDC)

1.5247

Fom CCW ROTATION; -1 FOR CW ROTATION 7|

G pOT

1.A24%

3.2387
4,A3333
6.43124
T.98482

SET ueeenessonencecassnsAXISetieasscroonadlBLl YOLTS e oaveass

SUTER 1| FO? CCW ROTATION; =1 FOR CW ROTATION ?-1

LD
RUS
T

11.6%8
° 5,769
3,080
o .88
n,3R

WANY

‘EAS
TIME

J.14%
1,686
1407
JR27
679

v ouT
[QU) ]

~1.5063
=1.%344
=1.8313
1450709
=1.,5407

JERK DATA

TABLE 3.5.2-XX

115

¢ hot

[ R AL
s.r2ns
a,r1 A0
f.43%940
7,930

e e

o

e

s



\
aue 3-

SERP 4enee

27.592
RUp
TINE

D.124
.04
S
3.144
2.538

NEADY
un

R = 23.6 in.

fgir...........ams...ﬂ.~........nuu. voLts.\Q-RY,
INTER | FOR CCW POTATION; -1 FOR C4 ROTATION 71
s

EAS
TIha

8,27

v out
(vhe)

= JAI6AP
. 2730
=.343357
-.243747
=.243035

G pOT

1.5362%
304147
4,52527
6,20064
7. 40683

SER#evercsccencsocencsearXlSeaevecevae. coellULlL VOLTS,0ovuess

EPTER | FOR CCW ROTATION; ~1 FOR CW ROTATION ?-!
2

i Tth

n,474

YEADY
kiU g

'EAS
TINE

S.343
4.691
3437
C.36

1.916

v ourT
(VDe)

22269
02128
221213
2221206
922468

G DOT

1.52397
3.,25294
4,55738
6€,06313
7.5287

SENP ievessocnncosccsnceeAXISesconsceccsecsliULL VOLTSeaeeones
ENTER | FOR CCW ROTATIUN; -1 FOR C' ROTATION 71

25.398
20
TIME

11.941
§.21
4,842
3,049
f.463

MEADY
wy

EAS
TIME

6.261
3.174
S.159
1.642
1.328

v our
Voe)

-.029817
=.229751
~.229882
-.03219%
-.329866

G DOT

1.55984
3.09%17
4.60812
6.12889
T.56232

SERPeveececnceasscscvceeAXISeonvecsneccaeddULL VOLTSecovnees

EH;ER 1 FOR CCW ROTATION: -1 FOR C¥ ROTATION ?-1

kA
25.02¢
0
TIE

11981
5,988
.10
3.6
Net?9

JEADY
o

TEAS
TINE

6,281
3.142
2.123
1,625
1,29

v OuT
(VDe)

.008142
028612
.298861
302339
039494

G pov

1.55463
3.11355
4.64257
RAT573
T.66R18

SER”4eessseascessvecscssAXlSe 00e0seresnselilll VOLTS.coeanes

Rbﬁ
TIME

11.731
5.892

~IAGY
U

'EAS
TIME

3.178
1.644
1.127
+-A68
o 72

vV ouT
(vDe)>

=.920764
-.32817¢F )
=.B21123
~.321140
. 21186

ENTER | FOR CCY ROTATION; =1 FOR CW R0TATION ?I
o 2

G pOT

1.39483

7.78942

GEMPeseenecvsocnvonsoansfXISceeussssscreedULL VOLTS.sunesss

SHTER | FOQ CCY ROTATION; ~1I

e
WS
MUY
TINg

11.747
5.97
3,833
2.95%¢4

n.

SCADY

EAS
TIME

3.168
1,637
tJRE
220
8

v out
Vne)

-, A02627
=« JJPEK
=821 re3
=331 762
331643

JERK DATA
TABLE 3.5.2-XXI
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FOR C¥ ROTATION ?-1

¢ POT

1.5R627
3.17320
4,738
6.30137
TR 276

NADC 80081-60
i
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~un 32080 R=24.4 fn. i
SEMeieeeedBlicecrcerieed IS0a0esihaeaansettitt VoL T5342-99,,

IRTER 1 FOR CCW ROTATION; ~1 FUR CW 20TATION 2t

77,530
W 'EAS v oLt 5 pot '
. TIME TIe: €ne)
LS
17,185 9,312 . A3LETS 1.63576
6, 4,676 B
ST 3,169 )
Gl 2,350 .
. HPRTT N 1.91

ANy
e

S csisesessascscennee

AlSeeeuissnscennedlULL YOLTS,00eess

PTCR | FOT ¢CwW ROTATION; =1 FOR CW ROTATION 7-)

‘el

27,533 ¥
e 'EAS v oyt 4 not :
TINE TINE vpe)

10.235 9.342 14418 1.6304

£.144 4,733 313368 3.03877

12087 3137 aL1595 2.76eCS

RRET I 2036 316 6.47752

2T 1.916 ITRY 2 .04325

1ZADY

apm

3E M i eesnseccccersoccnssA IS casssecrcascedtlULL YL TSeiusenne

INTEY | FO® CCW ROTATION; -1 FOR CUW ROTATION ?)
ABE]

SO ‘£AS v out & poT ' j
1Mz TINE (upe)

11,941 6.261 -.327378 1.66644

5,567 s.Ise - L2265 333452 i
1i2al 2159 -.306523 a.57428 .
32340 1,632 -. 328138 6.5264 ;
LA 1.286 -.02538¢ 3.21583

“zany :

wr
ST eeveervveresvseseaseAXIScacannrareneesiULL YOLTS o0renas

SOTER | FOR CCWY ROTATION; -1 FOR CW ROTATION ?7-1

WP
25,430
. B (EAS v out 3 pot

TIME TIVE e

11,981 6,281 .J06146 1.668308

LA 3.1¢4 035899 3.3

4,200 n.103 «30385% 4.959¢7

1,217 1,625 «DB3667 £.59562
1.22 + 32204 S. 19006

IVTER 1 FOP CC'Y ROTATION; =t FOR C4 ROTATION ?1

77,542

il ‘EAS v ouT G por
TINE TIME (VPe)

11e78 3. ~,22085¢2 1. T3262
$.292 1.644 - ,820RR4 3.37729
3.961 1.127 ~.Jn0%ern 5.072373
n,one + 3673 ~.JP2862 £,65964
r.4l15 o1C ~IT1176 R.23973
“TADY

e
SE#evsessersnnseveassesAYISeevencnncnoaedllULl VOLTS eeoeses

IUTER 1 FOP £CV ROTATION; -1 FDX LY ROTATION ?-)

K]
0,50
g EAS v ouT G not
107 e (unc)y
11,742 3,108 ~.233379 1,69469
. 1,648 ~. 333477
1,303 ~ 235356
.o0n - 3634
67 . NERar
: JERK DATA
° TABLE 3.5.2-XXII
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ok e

v
.=
E

G o

aue
ENTER | FOR CCW ROTATION; =1 FOR CW ROTATION 71t

77,582
aun
TIME

12,22
6.03

4,038
3.434
2,445

READY

MEAS
TIME

$.214
4,647
3.127
2.337
t.898

v OUT
(vDC)

4.7526
4.7649
4,746
4,7301
4,7655

up
ENTER ! FOR CCW ROTATION; -1 FOR CW ROTATION

77.522
aun
TIME

12,2961
6,049
4,351
3,245
2,453

READY
N

{IEAS
TIME

9.244
4,662
3.017
24345
}.984

v ouUT
(VDC)

~3.9969
-3.998!
-3 +9984
=3.9986
=3.999

FMTER | FOR CCW ROTATION; -1 FOR Cw ROTATION

?75.244
ot
TINE

NEADY
W

'EAS
TIME

6.181
3.113
2,123
1.589
1.277

v ouTt
(VDC)>

3143
J.1414
3.1538
3.147
3.1318

ZNTER 1 FOR CCW ROTATION; -1 FOR CW ROTATION

25,329
utt
TINE

11.838
5,972
3.9638
2.962
]

JEADY
1)

'EAS
TIME

6.221
3.123
2.11

1.5%4
1.281

v oyt
(Vo)

=3.1641
=3.158

=3.1724
=3.1653
=3.1492

ZNTER 1| FOR CCW ROTATION; -1 FOR CW ROTATION

70,533
M
TINE

115
5.77
3.864
7,925
f.34

TEADY
aun
ENTER
72.522
gLl
Time

11.542
5,79
3.8
n.918
n.348

YEADY

{EAS
TINE

3.116
[.591
1,377
+82

673

v out
(VDeC)

1.5121
13197
1.5152
1.512

1.5258

] FOR CCW ROTATIOM; -} FOR CW ROTATION

1EAS
TIME

J.ta7
1.596
1.38
822
«675

v ouT
(vDe)

=1.53179
=1.3434
~1.5492
=1.336

=1.3311

JERK DATA
TABLE 3.5.2-XXIII

118

G DOT

1.57371
3.14096
4,69044
6.24258
7.74642

71
G DOT

1.57235
3.1311

4,67539
6.,22033
7.72116

?

G DOT

1.60945
3.20928
4,78887
6.37267
T.91475

7-1
G DOT

1,604

3.19824
4,77318
6.35144
7.89167

1
G DOT

1.,64696
J.2825

4,166
6,51979
3.09422

7-1
G DOT

1.64796
3.27116
4,88398
6,4932

3.2K644

NADC 80081-60

S/N38 R=0in.
=11.8MV
Xand Y Axis

P
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s

|
ZNTER 1 FOR CC¥ POTATION; -1 FOR Cu ROTATION 71 S/N38L R=0 fn. !
77.549 C13.2mw i
e VEAS v ouT G ot Z Axis
TIME TIME CVDE) :
i
2,275 9.269 -.318633 1.56853 t?
. 6,472 4.69 -.01P42 3.11924 ;
2.0R1 3.15 -.21849) 4.64122 I
278 2381 1218426 6215335
n.48s 1,941 -,218582 7.61254 !
L
. YEADY X
aun r
THTER | FOR CCW ROTATION; -1 FOR C% ROTATION ?2-1
77,540 &
2uM {EAS v out 3 por
TIME TIME €De)
12,104 9.287 001857 1.56477
§.35 4.663 .201763 3.13058
4.294 3.16 .an2322 4.62628
3.246 2.346 002044 6.21799
2.454 1.925 221186 7.71221
IEADY
un
SNTE® | FOR CCY ROTATION; -1 FOR CW ROTATION ?1
25,239
Wi {EAS v ouT 6 pOT
TIME TIME (VDC)
11.811 §.224 -.218224 1.62359
5,945 3.156 -.218224 3.18587
3.998 2,147 -.018325 4.73737
3.915 1.632 -.318173 6.23192
2,337 1.321 -.218311 7.77185
IEADY
Ay
ZNTZR 1 FOR CCW ROTATION; -1 FOR CW ROTATION ?7-1 ;
75,422 3
. 20 VEAS v ouT & DOT X
TINE TINE CVDC) ;
1
11.351 §.244 -.203791 1.59818
5.965 3.166 -.234255 s.17519
3.969 2,111 -.204192 2,771 98
‘ 3.225 1.637 -.20441 6.26116
2.442 1.282 -.204556 7.8851
AEADY
au
INTER | FOR CCW ROTATION; -1 FOR CW ROTATION 71
72.582
aun [EAS v ouT G POT
TIME TIME D)
11.545 3.16 -.21627R 1.64254
5,812 1.634 -.016278 3.25877
3.008 1.2 -.816449 a.88647
2.949 .863 -.216557 6.42252
2.383 L7116 -.016421 7.94796
~EADY
Jut:

CNTER | FOR CCW ROTATIOE; -1 FOR CW ROTATIOH ?
?

3TOP

READY [
ny
CHTER 1 FOR CCW ROTATION; -1 FOR CW ROTATION ?-)
72,522
Wt YEAS v ouT 6 not
TIME TIME ne)
11.585 3.17 - 325092 1.63487 {
- 5.79 1.597 -.339357 3.27116
3.0 1.482 -.339538 4,0C) 44
3 7,917 .323 - 339621 6.49297
2,349 .66 - 389657 $.26321
- JERK DATA
. IEADY TABLE 3.5.2-XXIV
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3.6 Acoustic Sensitivity
3.6.1 Test Setup and Procedure

The sensor units were mounted (one at a time) on a cantilever beam
(aluminum channel) and positioned in the throat of the acoustic chamber.
The jet axis (X - axis) of the sensor coincided with the direction of
acoustic wave propagation and with the horizontal centerline of the chamber.

The unit was energized and a series of eight acoustic pulses (approxi-
mately 155 db for 10 seconds) were applied to the test area. Three micro-
phones were placed within the test area under procedures outlined in MIL-STD-
810C, Method 515.2. The null output of the unit was monitored throughout
testing along with the input to the acoustic chamber.

A test schematic is shown in Figure E.2-1 of Appendix A, Part E of this
report, with the test procedure.

The baseline tests were repeated to discover any anomolies caused by the
acoustic environment. These tests were done as in Section 3.1 of this report.

3.6.2 Test Results

The octave analysis specification for the category D, 165 db acoustic
test is shown in Figure 3.6.2-1.

The calibration of the acoustic chamber is shown in the octave analysis
shown in Figure 3.6.2-2.

The octave analysis for the three microphcones placed around the test
specimen indicated an overall acoustic level of 155 db. (See Figures
3.6.2-3 to 3.6.2-5) This level was the highest that could be obtained
for this setup. One of the acoustic drivers had to be replaced due to
failure caused by pushing the limit of the equipment.

The output of the device was recorded on an occillograph. A typical
graph is shown in Figure 3.6.2-6,

The post acoustic baseline test results are shown in Tables 3.6.2-1
through 3.6.2-X. The data is in the same form as the initial baseline test
data.

3.6.3 Data Evaluation

The acoustic environment had no effect on the null output of the device
except for the increase in noise level. All three devices had a pretest
noise level of 6.0 millivolts peak to peak. The overall average noise level
during testing was 12,0 millivolts with no shift in the null D.C. output. The
noise level of the null output was 6.0 milliovlts after the acoustic pulses,
indicating no adverse effects on the Superjet sensor.

PRTOP YT
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The worst case baseline data obatined for the three test units after the
acoustic environmental test is as shown below:

1. Full Scale Rate at #2% Linearity Error 500 +100 deg/sec

2. Scale Factor -.00630 +.00002 V/deg/sec
3. Bias +1.07 deg/sec

4, Hysteresis +0.46 deg/sec

5. Threshold <0.10 deg/sec

6. Resolution <0.10 deg/sec

7. Readytime .071 seconds maximum

8. Drift +.75 deg/sec/min maximum
9. Null Offset +1.25 deg/sec

The fullscale rate increased by 9% on S/N 381 and the scale factor
increased by 0.2 millivolts/degrees/second. The only substantial increase
in the bias parameter occurred in S/N 381 as also shown in the null offset
measurement. The null offset measurements were not taken during the ini-
tial baseline test. The calculated bias (least squares fit) value relates
to null offset which is the voltage measured before the actual test sequence.
Readytime has increased typically 507 over the initial baseline test but
remains the same as measured in the hot and cold temperature tests. The
drift of the sensors have increased approximately 2657 over the inital base-
line measurements. This may have been caused by the temperature test
environments.

e
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NULL OUTPUT VS. ACOUSTIC ENVIRONMENT
(TYPICAL)

NADC 80081-60

10 SECONDS

FIGURE 3.6.2-6
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\"\ It .n..n:‘y) YS ) ﬁr -
RATLE 0 TEST PROC POST ACOUSTEC NADC 80081-60
ﬂATl.}T........... RUH-B.AosgLoI:N-E.o-oo.
TENP.]gopotclsgz.noH.oo SER‘..??%.......
NATE v ouTt V CALC P OFS 7 INEAL
(DEG/SEC) (VDG vie)
48,0000 L3468 310 36 -3.627
-0, 035 L,R120 6307 €40 =3.253
~149,675 L8236 947 236 =N.793
-100,507 1,031 1.761F <953 “0,307
x  =49,51°  1,547] 1.5764 W03 -1.063 |
000, 427 1.8673 1.0920 . 749 -1.057 ;
'3‘49.{‘.(;5 l()%) l'.(.l15 . .\"7] - 551 "
390,101 02,5257 £.5195 -. 194 A6 #
~449, .64 L.“644 2 R343 -.05¢ 1.260 i
~490 057 3 ,0495 3.1400 -1.9°4 1.909 N
~449,.15 £.8658 0 L8349 -,979 1,39 B
390,100 2,507 2.5100 -.one .07 g
~348, 00 2,1956 253 N -.44] j
-fgQ 3ac ] 2690 l.ﬂ?‘? G663 -1l 100 i
=P4%,54% 1,95 1.,5766 044 ~1.69 3
~198,000 11,2343 1.2€17 AR EARS I 7
-149,73%  ,S031 .2471 . 761 =0.542
-0e, 371 L6145 L8307 577 =N.007
-40,08579  ,3ae] 3113 304 ~3.245
$9,0570 -, 3006 =311 -.n64 S ¥
99 6976 -.Gd87 -.6252 -,503 “PLRP3
149,G. Qlcu . 2399 -.131 ~P.h44 *
* 180,074 -l.“' -l.“as - 67 ~0,171
249,450 -1.)4hl =1.5692 -6 ~1.772
299,276 -1 6] -1.0033 -.730 ~1.173 .
349,236 =P, 1854 -2.1983 - 439 -.585
3eo, 1l =2.5155 =2.5107 P o111
449,336 -2,651R =2,0075 <173 <361
400,000 ~3.19¢4 =3.140 1,649 1,653
448,90 -0.0506 =2.2070 308 .9
399,145 -2.5167 =2.5107 A07 .16
349,17 =02.187 “?2.1979 - 344 -.490
n99.,31 -1.3608 “1,0836  =,659 “l.12
P49 ,405 =1.544 -1.569] ~.70r -1,59€
199,540 =1.0293 -1.0546 - M =0.347
148,637 -.9184 - .94 ~ (84 =P.0r5
9%, 7R3 K -.6103 - 6056 ~ 456 =0.435
.nc.x 3830 -3t ~. 007 A

TEST sSUMMARY
FULL SCALZ RATE (PEG/SEC): 549
SEAL FACTOUR (V/DEG/SEC): «6,30421T-A3
BIAS (VOLTS) @ 3.350727-M2
HWYSTERESTS, DG RATES (VDCH: =2,807°0E-33
PYSTERESLS, POS RATES (VUDL): 1 .R5776E-23

HULL OFFSET (UDC): 2,72R750-33 (/7
TEST RPGIPEE % 4/ /
READY

~un TABLE 3.6.2-1
SCALE FACTOP PRIUGRAR
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W

"ATE SENSOR TEST PROGRA

DATE . oa-ﬂfsq sesces
TENP, JAOF, SO, |

POST ACOUSTIC
nuu;ﬁ#ﬂ#ﬁﬂﬁ.....

F‘E“ﬁcastsos'o.colooc

NADC 80081-60

ATL
(NDEA/52C)

-4% 9460
-00 3001

=149,704
=199,580

*  =049,504

-109,43]
«349,311
=309 068
-449,.1¢3
=490 ,964
=540 ,837
-49{1,900
849,570
-40°,210
«34C 004
=088 L A5G
-049,530
=199,G617
-140,7€C4
=85, 037!
“4%,9362
40,051"
0Q, 7080
148,571
190,51
249,469

* 099,273

349,175
390,475
449,410
498,P99
548,333
498 .67
448,955
I 6D
349.?3”
299,075
249.455
195 ,4€1
149,583
9N, 6976
49,8544

SULL SCALE RATE (DEG/SEC) 3
SCALT SRCTOR

HYOTe nEsl

3
1 4
PYSTEMISIS,
i

v oaut
(vne)

«3U54
.Gl
£S173
1.2070
1.540
1.8614
©.1865

1.,0639
1.5440
AR
L9108
<6103
AU RE
- :’)Plﬁ
= GeT]
-.9144
=1 2044
-1.5301
-] .355¢
"?.01794
=2.5403
~0.8438
'5.1851
-3.5317¢
-3.186
=N, 8451
-235 -'f‘.

v CALC 1 TS 7 IPEAL
Vne)

310 39 -4,0°
« 6340 « 684 -3.005
« 94586 « 03 =3 417
1 .2€47 1.271 -2.951
1.5835 1.145 =0.435
1,398 . 994 =1.906
2.,0H° .19 -1.117
2.907 SRS - 360
2842 -394 L4707
3.1572 -l.’lQ 1.344
3.47247 . 196 2.0
3,157 -1.237 1,364
Se041T - 434 531
c.5a07 ALY -2
AR B .44 -1.313
1.8%€] 904 -1.680
1.,500€C 1,00 =0.065
1-265 0099 -.".751
8400 « &P ~3.1R7
£ 6343 (33 -3,.,477
BRY Ay 347 =304
“e311° -3 =3.107
- 6070 -.577 -3.171
=840 = =054
-1,257¢ - 965 =2.659
-1.,5737 1,305 “N 7K
-1,8805 =935 =110
-2.,203° =176 =1.113
-2.5193 =317 - 437

'?.(3’

252,

338

"3 15u3 .Q_QS lolJl
-3.4659? 1 «5G94 1.097
-3015"’1’: 1.031 l.l\."-’
-2,08346 P .37
"4".5]()3 'Q?.Gl '036
~0.0043 -. 661 -1.J41
-1,83005 =070 ~14013
-1,5733 -7 TS B
'l. 576 - 002 =400
o3 =748 -0, 747
-0627 -.5 7 -?.Q:S
3110 -a0H2 =270

TEST SUNMITARY

POS RATES

Y.L OFFSET (VD
TABLE 3.6.2-11

CU/NEG/SEC) e
BIAS (VOLTS)
NI6G RATES (VDG

TEET

554
=630 100

$ 3,0I0K1E=33

y: -0, 7R050E=3
(UPCY: 2.111670=03

Y: £LARONIE-A

23

ThRINERR

....l.

)
#




PATE SENSOR TEST PROGRAM NADC 80081-60
POST ACOUSTIC
NATE « 378380, .. ... RUL JBASELINE ...,

TEOR. JJE. L S0%RR ., SR PRI & DR Eﬁ

1

ATe vV ouT Vv CALC 7 Fs 7 IDLAL %
(DEG/SEC) (VDC) ¢CVne)
-49,9,31 L3410 3137 L4094 -3,95" y
00 2472 L6 L6009 .75 -3.335 b
*  =149,67 000 .9437 . 0,099 "
199,553 1,930 1.256¢ .a19 -1.641 i
—049,580 1,550 1.5744 .575 -,00n .
=090,40] 1,808 1.,0087 LASE -.277 &
340,000 o o0z 2,.2347 -.751 N3 k-
-399,177 £,5669 2.5199 -1,861 1.%65 4
349,000 D .0Pa4 2,0347 -.181 .00y
-090,365 | RPON 1.8094 D24 -, 326 A
-04%,5.35 [ ,5615 1.5744 .58 -.01€ B
-199,610 1,239 1.0502 L7680 -1.54
-149,7% 9038 044 .£l6 -0, v 3
-CQ, 0068 L6115 .6000 603 -0.130
-49,9614 L3003 313° L4532 ~3.607
49,0533 -,3123 3 Kt -.17€ -1.439
{ a0, 7J07  -.6003 -~ 6317 -.451 -1,039
149,610 =,8337 -.047 - .645 1,776
O 1R0 516 =) 044 -1.0600 =,717 -1.44 N
049,337 -1.5604 -~} ,577 -.576 - 905
roo 07) -1.604] 1,000 .05 -.334
347,156 =0 0165 -2 ,0976 353 A4 ‘ :
299,35€ -0,553¢9 -n,5007 D30 1.035 ' b
349,143 =2,0170  -0,.0375 375 N4l '
000, 17Y -] JBECS -] ,0008 -,0R -.09]
049,417 =1,5636 ~1.5774  -,549 -.20
199,474 =]1.2456 =1 062 - 647 -1.2
149,574 ~,9317 -.9467 - 594 -1.589
Q09,6876 -, 6014 - 631€ - 42K -1,63
9,01 -.3131 -.3165 -.135 -1.28l
TEST SUMIARY
FULL SCALE RATE (DDG/SEC) s 490
SCALE FACTOR (V/PEA/SEC): -6.317325-13
BIAS (VOLTOY ¢ =1,70916:-33
PYSTETESIS, LG RATES (VNC): -1,755367-23
NYSTERESIS, POS RATES (UDC): 1,49465E-03
JULL OFFSET (VDL)Y: =5.670051=43
Z8T SHGINEER

NEADY

TABLE 3.6.2-1I1




‘ NATE SIS0 TEST PROGRAN -
‘ i S 1 POST ACOUSTIC NADC 80081-60

PATE. 373080 e unes Pur, BASELINE, | !
TE(“P-];?E...iQw.. SET\’#..sza..-.... 'f

QAT v oouT U CALC 7 ye 2 INEAL 1§
(DEG/SEC) (VIC) (VDC) i

“49,9340 L3493 316 2534 -4,038 I
=99, 67%4 L6391 L6330 . 045 -3.,0735 | 4
~149,687  ,9008 9496 1.328 -3,330

*  =199,644 1.0363 1 .266K 1.46 -2,39 ]

-249.424  1.5578 1.,5331 <106 -1.595
-299.,421  1.8857 1.%00¢€¢ 221 -.783
=349,27 2.2a12 2.2173 ~.137 177
=399.182 2.5641 2.5343 =1.843 1.176
-448,13% 2,9147 2.8514 =2.214 2.010
=399.169 2,565 25342 -1.,278 1.215

-349,334 2.2023 £.0175 -.169 21 3
-299,345 | ,8576 1,924 .45 -.676 &
-0249,475 1.56 1.5834 NARH -1.476 g
-199,505  1,23826 1.2665 .97¢ -2.0 '
-149,764 o008 L0581 .955 -n.ree ¥
-Q0,700¢ 6139 L6307 . 765 -3.447 ‘
-49,956 L3318 2160 .5aP -4,504 3
49,0500 - 3105 -.3178 -.180 ~1.603 i
a0, 7505 -, 6081 -.624F -.514 -0.31° iy
149,616  =,9333 -.05]04 -.74 -0.005 ;
199,525 =1,0436 =] 6R3 - ,0R3 -1.946 i

= 48,4 1,561 -1,5050 -80S -1,419 'y
AL Tl SR BTN -1.9421 -,507 -.nor i 4
349,16 20152 =PLrlan -L107 - R4 | 3
39,46 =.5504 -2,5358 .51 .655 i
443,973 =0,RSTH =2,0500 | ,555 1,558 14
398,007 -2,553] ~N.536 500 « 675 !
349,034 =2.0163  -0L,0193 -,134 - 129 |
POS,AZ4 -] LRGAZ -1.9804 - 565 -.05 i
248370 -1 ,563] -1.5051 - ,76° -1.375 |
199,530 -] ,245] ~1.0805 -.215 =1.545
149,603 =830 ~-.9515 - 609 -0,273
0,716 -.6215 -.A345 - 455 -2.854

49,0536 -.3137 =318 ~.15% =1,435

TEST SUNMADY
FULL SCALE RATE (DEG/SEC)Y: 452
CCALE ACTOR (VW/DEG/SEC): =G35151T~-23
BIAS (VOLTS) ¢ =1.1200P0-23
WYSTERLSIS, HIG RATES (URCH: =N,29526E-43

PYSTERESIG, oS RATES (UPCY: 1.51515EC=93
{IULL. OFFSET (VUPCY: =5,55A75LE-13 /
TEST SHGINCER {éz/ G of

VEADY 3-27-80

TABLE 3.6.2-1IV

|
|
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RATE SLNSOR TEST PROGRAM NADC 80081-60
POST ACOUSTIC

DATE.}-.&7:§Q.uo.o.- RU”.W“.-.“-
TEnP, 12°F, ., SORRH SER# 381

Se s a0t 0.‘0!0.0.0..

: RATE v ourt V CALC ~ 7 FS + INEAL b

; (ﬂu“ SECY (Ve (UnC)

] =49,9665  ,2949 3074 W36 -3.961 N
-09,3641  ,59Q¢ .21 L6402 -3.53¢C B
-149,697 9255 9340 LB -3.25n 'l
199,63 1,0145 12400 $075 -n.e77 ot
S249,549  1,.5077 1.561° .09 -0.171 ¥
-209,353  |,.8453 1.8749 159 -1.57" 03

< =349.345 12,1678 02,1092 L61S - .868 4
-390,180  £,496% 2,5806 . 183 =050 I
449,476 2,6296 n,.816] -.391 .47S X
498,040 31669 3.1096 -1 .25 1.192 E
-542,006  3,53613 3.4435 -1.017 1.715 Vi
-499,415 3,168l 3.13 -1.124 1.217 '3
449,169 £,r31] 2.3166 -.417 511 Q
399,005 90,4977 2,507 146 - .01 1
249,316 0,17 a.100 .540 -.865 ,
099,492 | .04T] 1.8753 IR -1.494
-249.57%  1,5094 1.5601 « 945 =020 '3
-19%,653  1.2161 1.22473 LY -P.564 i
-14%,715  L,9367 0344 W61 -0,943 H3
-8 8642 L6300 .621 62 -3.317 |
-49.9450 L0057 3372 233 -3 .RR9 :

.n6°7 -..;lL’“‘ - 23220 - 06T '4”.957
00 Y ALT L6140 -,6337 -.541 ~0,985 j
148,566 -.sn -.047 -.75 -2,75¢
199,496 -1.‘?°a -1.0637  -.na9 -0.470 |

* DA ,44T =1 ,54D -1.5747 -,%2 -0,277 ;
089,097 -1,.850 s -1 .08 -.05 -1.560 {4

( 349,171 =2,1802 =P,.0215 -,.615 -.969 !
300,00 -2,5J69  -£,5152 -,0 -.33
449,530 -0,8309  -2,000 .05 W35 l
qna.uw7 =3,1748  =3.,l426  ,9PQ 1.304 ¥
548,80 -3,51313 -5.45644 1,64 1,643 i
49&.931 -3,1754  =3,142 .941 1,237 i
AL9.40G  -R.B3ST  -2.00SD .34 370 ’
399,075  -2,53010 “n.5150 - .02 -.nan i
349,197  =R,IRIE =0 .R217  -.5R -.914 i
20e 35 -1,.0630 -1,00010 -.000 -1.471 3
249,376 =1,5439 ~1,57472 -.07% ~1.,937 ~
199,5 =1.0313 =1.,0637 -.050 -n.340 ,
149,615  -,900 -.9470 -,749 .65
99,6550 = .6167 - 6333 - .495 -0, 132
49,8500 =310 -.3n2 -3 ~2.6P9

TEST GUMMARY
FULL SCALE 2ATE (DEG/SEC): 552
SCALE FACTOR (V/DEG/SEC): =6,.205T747-43
BIAS (VOLTS) © '5.714!JE-J3
PYSTEARESIS, HEG RATES (VDBC)Y: =0,4771478-00
HYSTERESIS, IPOS RATES (VDC)Y: 1,7T701310-23
PULL OFFSET (UDC)Y: =T7.H4RTI[-23

Y T Lt A T e caa

TABLE 3.6.2-V T..ST NGINCER
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Leosss e

NATE
(DEG/SEC)

=49,943]
=99,8523
1 -149,827
r 189,571
~249.451
* =299,418
=34%,29]
1 -399,16
g =449,369
~458.964
=548.933
-5980751
=548,.%923
-489,226
=449,357
399,231
=349.,3717
-299,428
-2.49,.482
-195.617
~149,71
=99,8337
=49,9687
49,8714
59,7196
145,623
189,556
249,47
* 299,33
349.178
399.127
448,979
498.87
548.826
598.647
548,813
498,914
448,982 -
399,122
349,275
299,324
249,469
199,547
149,693
99,7484
49.547

I'YSTERESIS, & ):
HYSTERESIS, PG5 RATES (VDC): 2,22293E-23
HULL OFFSZT CUDC):

TABLE 3.6.2-VI

1Emp. J20F ., SLERH

vV ouT
VDC)

28383
«5908
8958
1.2835
1.5155
1.8317
2.1534
2.4835
2.8127
341491
3.4877
3.82568
3.4837
3.1536
2.8147
2.4829
2.1559
1.8344
1.518
1.,2059
.8579
5524
289
-.3157
~.6183
-.924
-1.2317
-1.,5433
'108589
-2.179%
~2.5058
-2,837
-3.1723
-3,51331
-3.84686
-3.51134
=3,.,1735
=-2.8334
-2 05376
-2.1817
~1.8629

~1.5451

-1.2335
=.9255
=.603)
-e3165

NATT SCUSUR TeST PROGRAT

DATE ., 3727-80 rut Post Acoustic B/L

381

-
SLR#.o-oo.o.o-

V CALC % FS
(vDC)

D312 342
«6154 «651
« 95298 822
1.2421 1.247

1.5571 lel
1.8716 1.257
2.1855 .352
2.,4995 «531
2.8136 «325
3.1277 -.56€
3 .4423 -1.242
3.75589 =-1.84C

3.44224 -1.23
3.128 -.59%2
2.8136 -.229
2.4997 «445
2.1861 « 799
LST17 9338

1.5573 1.241

1.2434 « 982
.9292 31
«6153 «605
3314 329

-.3271 ~.323
= .6429 -.586
=955 = .821
-1.2693 =997
~-1.5835 -1.266
-1.8972 -1.213
=2.2112 -.828
-2.5255 -.522
-2.8394 ~.364
=3.1535 o5
=3.46774 1.127
-3.73148 1,731
=3.4677% 1.145
=3.1537 583
-2.8396 ~.229
-2a5256 -.476
~2.2118 -.187
-1.8974 ~.964
-1.,5835 -1.,918
-1,2693 -.947
=~ «%555 =794
-.6411 =556
=«3269 -.277

TEST SUMMARY

FULL SCALE RATE (DEG/SEC): 632

SCALE FACTOR (V/DER/SEC): ~6.29403E-03
3IAS (VOLTS)
Zh6 RATEZS (VvDC

e

=1 31749532
=N.68266E-23

=1.00466E=32

TEST muaInceER(

% IDEAL

-4,12
-3.913
=3 .611
=3.147
-2.645
-2.117
-1.,463
-.754
=233
.681
1.314
1.852
1.344
<719
«339

- €69
=1.371
-1.97S
-2 .533
-2.983
=3 .329
-3.635
=3.947
=3.641
-3 0526
-3 0294
=2.997
-2.563
~2.332
-l.422
-.784
-.236
.63l
1.232
1.735
l.252
629
-.J239
-.,715
-1.37
-1.532
~2.449
-2.846
=3.121
=3 .345
=3.336

AV e

Cemge

essecess s

, g(LLt7

NADC 80081-60

/

1
EAERDY




: NADC 80081-60 '
1
5
RATZ SZUSOR TEST PROGRAL ) I
paTE 3280, .... run POt Asoyatis, /L |
o I3
ere JI3F, .. S8R, szar. 38h...... ;
i
RATE vV ouT Y CALC " FS T IDEAL l
(DEG/SEC) (VDC) unc)
-49,947  .2883 23258 LADR -5.549 }
-99.8434 .5937 .6233 L1271 -4.695
-149.741 .8959 .9348 .951 -4,13
-199.58  1.2037 1.249 1.196 -3.630
-249,587 1.5154 1.5637 1.179 -3.371
-299,486 [.8317 1.3783 1.137 -2,467
-349,36 2.1534 2,1932 971 -1.837
* =399,182 2.48 2,503 +665 -1.387
-449,13  2.8125 2802 235 -.34 s
-499.211 3.149 3.1366 -.323 .39 1
-548.893 J3.48734 3,45127 -.885 1.248 i
-598,822 3.8254 3.76581  -1.454 1.578 ¥

-648,661 4.15835 4,37999 -1,925 1.929
-598,723 3.82631 3,76546 =1.49%5 1.623

-548,547 3.48937 3.45141  -.919 1.282 ¥
-499,279 3.1539 3.137 -4 .443 i
-449,116 2.8149 2.822 .174 -.052 .
-399,.139 2.4827 2.50873 .61 -.979
-349,332 2,1557 2,1928 .926 -1.636
-299,38% 1.834l 1.8737 1.277 -2.338 b
-249,527 1.5175 1.5637 1.128 -0,933 i
-199.619 1.235¢C 1.2493 1.06 -3.453 ;
-149.78  .3976 «9351 .Sl4a -3.967 . i
-99,8354 ,5903 .62232 .6R2 -4.,443
-45.9547 .289 3058 .All -5.349
49,8739  -.3156 -.3235 -.183 -2.521
99,7332 -.6184 -.6378 -.473 -3.231 :
149,598 -,9238 -.952] -, 692 -3.237 . :
199,495  -1.2314 -1,2667 -,.86] -2.826 k
249,447 -1,543 -1.5516 =.9a2 -2.455 1
x 099,337 -1,8584 -{,0958 =,914 -1.93¢ i
349,182  =2,1792  -2.2133 -.759 -1.413 !
399,295 -2,.525 -2,5249  -,487 -,792 i
; 449,351 -2.836 -2.3398  -,393 -.135 :
498,997  =3.1714  <3.1541  .4923 .551
548,033 -3.5395  =3,46879 993 1177
598,754 -3.84584 -3.78343 1.522 1.652 :
648.63 -3.95415 -4,35789 =-2.532 -2.537 ,
] 598,841 -3.64683 -3,7R378 1,539 1.67
3 548,83 -3.51274 -3.46877 1.922 1.213
498,943  =3.173 -3.1543  ,455 590
449,346  -0.3379  -2.83%  -,047 -.267 {
1 399,165 -2.597t -2.5254  -,446 =127
349,229  -2.1813  -2.2134 -.TI2 -1.326 ¢
299,333  ~1.8635 ~=1,8959 = ,R62 -1.872 :
249,435 -1,5448  -]1.5315 -.395 -2.,333
199,539  -1.2332 -1.267 - 805 -2.687
149.547 -.9254 ~.9518 -.644 -2.8
99.7281  -.6199 -.6378 -,435 -2.837
49,8469  =,3165 -.3233 -.167 2.7
EST SumMpanNy

: FULL SCALZ RATZ (DEG/SEC)Y: 652
y GCALE FACTOR (Y/DEG/SEC): =6,333P1E-28
BIAS (VOLTS) =9,12134Z-03

HYSTERESIS, NZG RATES (UDC): -2.64645E-23

WYSTERESIS, PGS RATES (VXC): 2.127652-83 ,
3 NULL OFFSET (VDC): =,210814 yan /(" ;
F TEST EnGliEeRés ..(’.L.'.“.‘.“.‘;.//\
§ ]—l"' (4 v

TABLE 3.6.2-VII
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BNATT e
RATL O

DATE e 373880, cevene
SOZRH

TiEMp, J20F

QUTPUT DRIFT ID

NATL
(hEG/SEC)

09,797
90,788
08,5130
99,1205

180,597
100,571
199,597
180,60

200 A53
298,40
fon,4.3
N09,3€64

390,196
388,214
30¢, 036
KRNEHAYN

400 , 53¢
400,156
493‘969
490,314

LS OR PROGRAR S

OUTPUT DPRIFT
POST ACOUSTIC

nuL, .BASELINE

CECRCEC A NI BN A

SER#..?.C.......

NADC 80081-60

MEAT
(VneH

.633456
(I3 0A1)
«CU393E
. 634545

1.21344
1.21533
1.0016%20

L1020

1.80367
1 4345
1.545°
1 .%4766

048574
249577
0.,49600°

{ULL OFFSCT CVRC): 2.2

TABLE 3.6.2-VILI

135

ISP e L i s D aatialt

15 SEC INTERVALS

SCALS FACTOD
(VOLTO/De S /0E0)

R,21T7AT1-4°
Ge344] 6700
6.I5265 ., =44
(IS5 T0E=-23

66 IEAZTTT-A3
GoIOCPIT-33
64973 70=-00F
6. 121 TPE-L3

6.134555-33
6. 156T452-23
6. 1R5207 =53
C.l 71 9512";’3

~ [aXal ol A4
TSURATAY ST B TR

605175022
£,25901F-23
GeR6541T-03

A3eE-33

s = - — i e J—




RATE

‘.ATL .}-ZQ-QO'.'..'
SOZRH

Teraooo!:oocoooooo

OUTPUT DRIFT It 15 S&C

A\AT'-
(MEG/3EC)

on e
RIISEHE

8,031
Q0,365

[*9,61¢
1o by
190 o(')s
199,59¢

SN0 364
HRNIRE
280,410
Pe0 .47

306,190
306,00

300,217
A0
407,873
47,076
480,017
489 .45

e
adm i’

dULL OFF

[ad =]

O} FROGRAM: OUTPUT DRIVT

NADC 80081-60

POST ACOUSTIC
aud, BASEVINE, .. ..

.)EI\#.O..........

TEAN
QUMW

£ 599355
(31530
W He TN

2198
1.02471
1.2255¢4

22655

106141
RS
N5

SET (VC)H:

TABLE 3.6.2-IX
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INTERVALS

SCALE FacTOR
(VOLTS /D15 /SEC)
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J%A’r -J2
242044, 03

[ia] 272=23
123697 -3
130804703
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G

[al LX -G il 7
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6.0536070=32

‘e

fa

~
e

IAL3T0=-23
3655T0-20

Y AN A HE
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G470 00702
8 .q ,53 4 71_' .:3
F51.7340-03
Co513050-

=6 APTIEE=-50
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RATE SLESOR PROGRAM: OUTPUT DRIFT -
' uETe ' POST ACOUSTIC NADC 80081-60

nATE,. 3727780, ... RUrp BASELINE

PP

[ ITIP, PSP ST

Tipp JI29F, . S1¥RH

9 6060000000000 g:'—-R#............

. OUTPUT DRIFT IM 15 SCC INTERVALS
nAT ' LEAY SCALZ FACTOR
1 (DEG/SEC) (vbdC) (YOLTS/DEG/SEC)

.
o e e

0Q,£08e 50400 5 0500 [e 33

98 . 266 506314 5 .77 31 F- 33

0n 264 507233 S .74 T - 33

99,0790 567050 5.07963 - 13 ;
k.

199,636 1.19246 5,963 ] 65 - 33 ;

198,600 1.1%474 5.9055 | - 33 ;

190,603 1.19507 5.00]031 -2 .

199,589 1.19657 5.995 |3 %= 33 i

L PRTS ],e103e . 454030 23 é

P09 3%y 1.rin00 6 ATS500 -3 i

£80.365 ].0ea84 6.IFPRA -3 |

nan 40 1.00156 €03 495~ )3 ‘

388l £.45457 14554503 3

309,179 L. 4GH1T €,1731"7=-73 3
Jee 107 DL 4E66T 6.179045= 12 .
399,160 AR L) B £,170007.33
494,945 3.11943 AL AL o K

: 499,393 3.,13140 6.075355-33
459,834 3.13445 [l P PR A
499,33% 3.13584 6003 T6E

53]
]
=
M
el o W e Fui L o

LULL OFFSET (VDC)Y: -9,5771SE-22

727

TABLE 3.6.2-X
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NADC 80081-60

3.7 Vibration
3.7.1 Test Setup and Procedure

The Superjet rate sensors were individually subjected to a sinusoidal
mechanical vibration along each of its mutually perpendicular axis as de-
scribed in Figure B.2-1 in Appendix A, Part B of this report.

A test fixture was fabricated by the environmental lab to accept the
hole pattern of the Superjet assembly. The test fixture was installed on
a test cube that is part of the C-60 vibration test set. A control acceler-
ometer was mounted on the test fixture to monitor the vibration input along
the vertical axis of the test set. The unit was then mounted on the test
fixture. The 2222B accelerometer was mounted on the unit along the sensi-
tive axis using Eastman 910 adhesive. A resonance search from 10 Hz to
3000 Hz was conducted at 3 g rms to find the three most severe resonances.
This part of the test deviates from the test plan which describes the search
from 10 to 5000 Hz. The maximum frequency available at the Martin facility
is 3000 Hz. MIL-STD-810C procedures defines 10 to 2000 Hz as the resonance
search frequencies. After the severe resonances were determined, the unit
was subjected to each resonance frequency for a period of 10 minutes at 5.2
g rms. The unit was then tested for the other axes in the same manner.

After the vibration test, the baseline test was performed for all three
units. This is the final test of the program and the results were compared
to the post-acoustic baseline test as described in Section 3.6.

3.7.2 Test Results

A dyna-monitor was used to fine tune the most severe frequencies for
dwelling. The output accelerometer was installed on the fibre cap of the
sensor for S/N 373, and 355 when vibrating the X-axis (jet axis). Upon
removal of the accelerometer the fibre cap of S/N 355 separated from its
bond joint. This caused concern and the accelerometer was installed on a
block on the top of the sensor. This explains the differences of frequencies
established along the X-axis. The accelerometer was continued to a hard
mount on the sensor for the Y and Z axes. The frequencies for each axis and
serial number that were searched at 3.0 g rms and occurred again at 5.2 g rms
are shown in Table 3.7.2-1. Also shown is the accelerometer output in units
of g (gravity)
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NADC 80081-60 g

S/N 355 S/N 373 S/N 381
AXIS f Hz g f Hz g f Hz g
605 | 7.0 | 605 | s.0| 605 | 4.0 '
X 850 | 11.8 970 9.8 950 5.5 %
. 1075 9.5 | 1125 7.8 | 2500 | 14.0 ‘“
é 620 7.0 605 7.2 605 7.0 ;
| Y 925 8.2 | 1000 | 12.0]| 1150 | 13.2
, 1840 9.6 | 2300 | 15.0 ] 2150 9.2
| 575 7.0 | 1025 7.3 560 6.0
f z 975 9.0 [ 2225 | 10.0 | 1100 6.2
1950 | 14.0 | 2650 | 18.0 | 2350 | 18.0

1

TABLE 3.7.2-1
SEVERE RESONANCE FREQUENCIES

Vo
1

. The results from the baseline tests are shown in Tables 3.7.2-II through
] 3.7.2-XI.

_m....‘....,._ﬂ._.-_.,.__v,«.‘,_

3.7.3 Data Evaluation

The Superjet rate sensor is virtually unaffected by vibration along the
X and Z axes except for a small increase in null noise level.

. However, when the rate sensor is subjected to a vibration along the Y-axis,

i (normal to jet-axis and input axis), a null shift occurs at a very high frequency.
f This was evident on S/N 355 and S/N 381, which occurred at 1995 Hz and 2150 Hz

. respectively, during the resonance search. A null shift also occurred on S/N 373,
but this was detected only on the dwell sequence since a sweep was not performed.

A sweep was not performed due to the use of a dynamometer to tune in the
3 resonance frequency.

The worst case baseline data was reduced to yield the following:

3 1. Full Scale Rate at +2% Linearity Error 500 +100 deg/sec
2. Scale Factor .00625 +.00002 V/deg/sec ¢
3. Bias +2.19 deg/sec {
4. Hysteresis + .56 deg/sec ;
5. Threshold <0.10 deg/sec ‘
6. Resolution <0.10 deg/sec
7. Readytime .080 seconds maximum
8. Drift +.76 deg/sec/min maximum
9. Null Offset +2.08 deg/sec f

Readytime increased by 12% and the bias shifted by 104X on S/N 381.
Since the other units did not change appreciably, the effects of vibration
is predicted to be undamaging.
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f 4
| *
F .
: b
NDATE S non NADC 80081-60 k
NATE S.NSOR TEST PROGRAM POST VIBRATION |
: paTi . 471380, ..., it BASELINE |
TE“P.?Q‘:F.'.S?;R.H.... SER”.-;%%-.....-
¥
SATL vV oUT V CALL 7 FS 7 IDEAI
1 =5G/5:C) (VRC) VLe)
49,9437 304 23153 36D -3.607
‘ -ca pror L6375 6204 LART -3.337
? 149,738 ,9]139 Q4 Jare -0.991
; 100,531 1,003 WPE30 .057 -2.,39r7
: *  =1a%,447 1.5360 1 .5665 . Q48 -1.9
: -0N9 300 1.6551 1.0700 .756 -1.067
! 349,159 22,1796 P.1914 379 -.543
; -390 ,357  ,5499 245943 -1 77 D00
' 440,005 0 G477 .21 74 -.%65 1.375
-8 820 3,19) 3.1 -1.%44 1.9482
= 442,339 0 ,8487 2.6177 - .98 1.1
i -209,377 2,512 2.5244 -.040 324
: 348,050 n.1@80C 2192 .3 - .43
-84 ,277 ] ,,8585 1.8787 L -1.077
-049,.531  1,5433 1 5666 B4 ~-1,620
S189,632  1.,0P64 1,537 671 -o.1e i
t 149,697  ,91A&7 L0420 JI67 -0,563
-Qa,p105 61 €005 L5079 -0 ,949
-49,8532 L3253 3154 301 -3.020
Q6514  -,3201 =314 -.0R4 -0.649 J
Qa, 728] -.aaar - &P3P -.54 -0, 737
= 149,593 o106 -.9358 -.74 -2 ,47%
; 199,459 -1 o017 ~1.0404 - .854 0,14 }
CASLIAT =1.,5346 =1.,5613 =052 -1, 72F
fa9,095  -1,851% 0 -1,0739 0 -, 715 -1.15%4
349,010 =P, 1742 =0,I060 -.404 -.570
%nr a7 =2.5203 -0, 4994 A3 NENe
4R,097  =PLRIGE =2 0105 176 004
40ULTRT =3.1773  -3.1053 1.657 1.66]
440,000 =0 RITR =D ,010S . 799 )
300,040 .0 5334 -2 4996 LD JA51 .
349,10 S0 1T56  =2,176% -.36 -.51¢
; PORLI3P0 -] B30 =],874) - REA “1.113
j AR L3 -1.5301 -1.561 - 784 -1.,593
109,5) -1.2038 =1,0487 -,0ID0 -n,234
149,55 -.9144 - .9355 - 673 -0,25
aq, 700 - 6970 - 6030 -.4P5 -0, L34
49,0773 = 38370 - 3136 - 037 -0, 370
TEST SUMMARY
1 FULL SCALE RATE (DEG/SEC): 544 i
CCALE FACTOR (V/DEG/SEC): -6.0TA1SE-23 |
‘ 31A5 (VOLTS : 0 L1555 F-03
i PYSTERESIS, D26 RATES (VIC)Y: =3.5033F-13
nyn Tl\A\Io, POS RATIS (VUDC)Y: |.830r4c -w%
HULL OFFSET (VUDC)Y: 11,9000 TE-
TLST NMGINEF 2 1/ 2N
E NEADY TABLE 3.7.2-11 7'7”7"




DATE SLGSOR TES

SATE . 857780,
Tomp, JEOE, SO%RH

NATE
- (NZ5/5..0)

=40 ,9056
=ac 0117
o NN
x =100 ,505
=9, 460
-0 34l
~349,00
=399 ,1.54
=446,933
=490 ,0659
- )4('.67k
=490,0768
=449 500
=380, 11%
=349,19]
-999,34
=249.,494
=199,.549
-149,65€
-99.354
~49,2843
49,8545
eQ,751Ff
* 149,580
- 19¢.,474
249,373
000,271
249,143
A90, 904
440,090
GO 0
540 (74
w93.777
440,910
309,346
49,107
000,83
049,385
P0G, "
14,574
fo 7610
40,0775

FULL SCALn

FYSTERESIS,

i

VoouT
(QUITWD)

PP
6179
« 01 43
1.0037
1.5377
1 .85¢€
CelBi4
W01t
D048
J3.1914
3.54247
3.1005
f490

o R

[N WaXsd
LI WL

» 1oy
o i e

1.2580
1.5436
1.2267
£ 017
6123
«3A55
- 3203
=+6266
-.9127
=1.200
=1.5351
“1.,3504
=2,1753
'P. .51’38
=2,.,8302
"3 . l 7(‘
50484
'5 . ’ 7f\ll
=N.0391
=539
=0.1771
-1.7544
-1.5372
A
-.S153
T VA4
- 303 4

ne

TLST SHIMARY

NATE (DEG/SEC)
SCALL FACTOR (V/NEG/SEC)

AIAS (VOLTS)
M5O RATES )
NV”TFEL“IQ, PUH HATES CUre)
UFFSET (VPC)

TABLE 3.7.2-1II1
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LST

r-“rI ol

T PROGRAM NADC
POST VIBRATION
Rl”".muW.....
SEPFeeedBeennnn
V CALC - IS « IPEA]
(VDpeH)
170 393 =4,33
6301 « 609 =3 ,050
« 0467 <933 -3.407
| .2615 1.J89 =3 321
1.576] 1149 =444
1,897 1 -1,037
22,0854 . 719 -1.133
A .59 =357
2 .3343 =395 <454
3.1493 -1.01¢0 1.341
3,46357 =021 7 2.0
341493 -1,043 1.371
0.7349 - A8 50
2.5001 PRATAS -.n09
2.0052 o647 -1.319
1 8927 I -1,689
1.5763 1.3 =07
1.2612 . 996 -2.744
« 9465 .851 -3.12
6324 «R3€ -3,524
3177 394 -3 ,890
-.312 -7 -3 .281
-.6067 - 58 =3.190
-.9411 .17 -3.335
-1.0550 -.973 =D GEI
-1.5745 -1.422 -0.054
-1,7853 -.947 -1.74
-2,.,19%0¢ =127 -1.114
-2.5142 -3 -.414
7.??“] eG4 HAY
o 1439 . 908 1.131
’3.4534? 1.914 1.019
=3.1437 | IPRVIAR 1135
-0.009] o7 o357
—-00514(: '0?75 '0370
A | = GA -1.046
=1.7054 =~ 03 -1,64]
-1.57L. -.950 =0.209
'!. 550 ~.%7 =0.5
941 - 74 WS
’.GQGR =53 RTINS
-.3171 -enhl -n.765
: 554
Y PR AR AR
HERARSANS A KO K
(VPCHe =7 “4’1"" =23
| A )Q4P i 'I\
¢ DJASTRST

80081-60

bl

PR s




RATL

“AT[L -9:7‘..89..'. seo a0

TP JZOF. . J3Q%RY,

RATE vV out V CALC 7 FS 7 IPEAL
(DEG/SEC)  (VDC) )
-!"90955 0?975 .5895 . ano "3 ogaﬁ ;
-00, #1581 L6303 L6009 L 746 -2,929 ']
-149,700 9147 .9307 270 -0.,345 .
* =199 614 2231 1.2443 .5 -1,723 4
“PAS.4S  1.5411 1.555¢ XY - 047 4
-099.003 L0658 18665 A3 7 '
“349,162 £.1975 2.1705 -.763 ey 3
-309,.[0%  £,5372 5.,4°36 -1 .765 1.6
-349,0 o,1983 2,179 -.773 .O]5
=099 416G | .867 1.8677 A3 -.239
<040 ,430 1 ,5409 1.5555 W5 A4 -.029 A
-198,597 1.225 D440 .17 -1.544 ;
149,630,912 .9321 L7 -2.111 k
-0Q, 030 L 644 J601 JRPD -0, 730 ‘1
-48,9777 .0OR4 3296 447 -3.,577 :
49,0457 - 3397 —.3139  -.169 -1.259 ’a
o0, 767 -.6141 - 6050 -, 466 -1.967 E
149,559 = ,8209 - .93687 - 635 -1.699 t
* 100,446 -1. 23 S1.0A%4  -.8907 -1.397 ]
D4R 4T 5457 = 1.5GI6 =595 - .953 1“
Aoa.n7] -l.&ﬁﬁﬁ -1.272 - 053 -.338 E
349,136 L1923 -2,1035  L355 426 ]
0,353  =0.5262 =2,4953 1,031 1.041 I
3401060 =0 1930 =0,1734 303 45 '
200,061 ~1.8666  -1.2719  =.013 -0 1}
249,421 -1.,547 -1.5625  -.54 -.867 |
19,547  ~1.0804 =] ,.,04% - 667 -1.337 i
1“9—.6!)3 - c“;‘.” - Q37] ‘.594 "l..‘irn
oG, 709 -.6154 - L6050 -.400 -1.69
‘I ot ('56 '.311‘)6 -.31‘/1 --]4 ‘lol«nl
TxST SUMPARY
FULL SCALL RATE (DEG/SEC) s
SCALE FACTOR (V/DEA/GEC): -6 P4GAD
3145 C(UDLTS) @ -°.=7nnv 513
MYSTERESIS, NHES RATES (UDCYs =1.00441 %= A
NYSTZRESIS, POS RATES (UDC): 1.,379975-33
CULL OFFSET (UDC): =5.050455-A3

INS0R TEST PROGRAM

TEST ZUGINEE

NADC 80081-60

POST VIBRATION
nutl, , B4SELINE | |

SE.R#. .017.30. oo o e

'
e e Ty -

nnAyY 77

TABLE 3,7.2-1V




TTADY

QATL SLVSOR TEST PROCRAN

(DEG/SEC)

=49,9533
-9e 0546
-14%,747
-198%,61%
=040 ,q4a0
-099,.377
-349,052
=30%,106
=448 .95
=300, 11
=349,091
=090 31
=049 ,433
-19¢,61
-149,7°
-390,.843¢
=48 ,8614
49,2643
oo, 7309
149,606
199,439
249,30¢
A
349,200
399,307
G107
RSN
349,149
009,231
A9, 430
199,535
149,567
ee .69
48,0435

qp e

-.0107
=1,2000
-1.,547
-l ,i.614
=017
SIS
=0.0€610
~0.5017
-C.108
-1'9653
=1.544D
~1.,0392
- .9239
-.6146
=3 1u?

Rttt BASELINE

NADC 80081-60

POST VIBRATION

SER”.-...o..'.-.

V GCrLC T FS
[QUITWA

P IS .HIA
A3 7 34
L8366 1,300
| EPSAR 1 .VR7
1.5017 .99
10747 e 9534
174 -.111
2,501 -1..101
2.8105 =046
AP | -1.450
2.1077 ~.15€
1.5743 e 845
1.561¢€ e 113
l.2480 276
364 « 942
037 « 153
3120 SN0
=315 =249
=.GP77 =53

".94”5

-1.n50

=1 5468 -0
-1.72722 - O
‘n.lpl? -.]ﬁ4
-2.5.941 .6

-1 73 1.575
=2.5342 R 7
=2.1915 - A%
=1,7755 =537
=] 5663 - 1D
=1.2534 =005
=441 - 6]
=603 - 8He

‘.3149

TEST CUNOMARY

FULL SCALE RATE (DEG/CEC) @
SCAL: FACTOR (V/DEG/SEC)

HYSTEDRESTS,

BIAS (VOLTS)
HEG RATES (VDC):
NYSTERESIS, P0S RATES (VUDCH:

ULL OFFSET (VhC) s

TEST

450
~€ .00 B3

=Pe340913E-43

=2505.065- 13
D1 77950-23

“6 1400 AT-03

TABLE 3.7.2-V
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NADC 80081-60
EST PROORAD
POST VIBRATION
e BAS

ocoooI.ncooooo

RATE SDNSOR

DATE 43780, ...

3 rr(\P 72...50‘“...’. S:R#..}qloo-oo-ot

FULL

SCALE RATE

TEST

sunbhany
(PLG/SEC)

SCALE FACTOR

CY/DEG/SEL)

HYSTEPLGIS,
HYSTEDESIS,

PULL

3.7.2-V1

BII'\(‘ (UOLT:‘
'm0 RATES (unCh:
PCs TATES (VDL )
UFFSET (VpG) e

552

ETARERME MR TR L
=1 36T ERE=AT
=1 05573 =13
[ « 73727F= 33
-1,003008.20

TEST TGhAIPEqn

9-7-%°

AT VoLlT Vv CALC 7-FS 7 IDEAL
(NSH/G0C) (VRe) (Vhe)
49,9007 006 L0078 2345 -3,797 ;
SO0 T HLGD L6200 B4 -3.556 |
®  =1.90,7€0 0o Lo10r .07l -3.199 :
~1°0,F5]  1,]19f3 1.033 o5 -2.714
SN S I P16 1.59411 1,236 =001 .
000 S 1.l 1.7503 .05 ~1.645 3
249,100 1413 N800 W63 -,800 4
~3CR I D l46€T AT I A DA - .0 a
S T AANRAL B A ) ¢ nLT7040 -2 JA€ 5
a00 1T 3,132 3.795¢ -1,7%00 ARk -
945,663 3,471 3,43614 =) 000 1,933 #
4% 0648 3,133 3.0963 -1,49¢ .20 ;
PRI & BN Yot Y R -390 L4001 j
=389,148¢ . A6 L 4741 L1778 -.745 P
=345 ,055 W 1431 L1630 509 -.005 b
-090 345 W8B031 1,051 R4 -1.555 L
SUe0LAr3 11,5003 1.541 $052 “2.1 b
“lee 500 1,100 1.03.04 RUVE ~P.E24 b
149,705 J00pc Lol e L -0, 040 i
“GQ,0A03 S5EP .H LI .50 =3.241 b
48,0355 ,0oa7 Po7c 317 -3.4%1 i1
4,000 -.3l4n -.5,,« -.?“P =300 P
ac, 770 -.G150 6355 577 =3.1C .
149,568 -,o]00 Zlaghe A ~D LAY S
189,548 -] ,prt0 [ 0470 - 933 -2,573 ;
® 049,42 -1,535 1,563 -,Q7] -0, 140 |
290,354 =] ,040 -1,070% - @8 -1.€35 !
R R PR K ST AT el of NS EN RIS T ) -.87¢6 ;
oo, 57 =DLASRT =050 -.046 - 339 3
Y N AT AT AN I I T et 2377 ¥
LRI ) “4.1003 3,107 078 1,570 i
540,711 =3,40057  -3.,4336% 1,756 1.7€ !
490,043 =3,1571 -3, 100c .0Q7 1,399 !
449,206 =0 8033 =0 017 30 303 !
390,543 ~-0,4937 -0 .51'Q -0 -.?9
249,19 =PL,1€687 - 1% -.59A L9329
CN0,315 -] ,0540 -1,0783  -.330 ~1.54
049,464 -1.536 -1.560 -,908 ~0.345
19¢,530 -],00€ -1.0574 -,.19] ~.455 J
149,643 -.970. - . 0464 -.745 0,739
BRI -.6171 - .35 =.521 =0.877
40,9156  -,3155 - 3040 -.0 ~p 076




RATS SINSOR TEST PROANAN
¥ = "' POST VIBRATION

i e e e

DAT:...&‘]:?Q.....- -......F-!-.... Nmsooal-6o
TEN .zgooFooODQSQO.’m- JER#............ ‘
’ RATE vV out V CALC % Fs % IDEAL “4
(DEG/SZC)Y (VDC) (VvDC) =
* '
=-49,9386 L,o0 2991 «348 -4,175 b
=-99%,8354 .,5868 £1IL8 661 =3.97 b
-14°,835 .E89% < D248 223 =3 .697 w
-199.571 1.1961 1.2363 1.871 =3.221 '
-249.411 1.50635  1.5485 1,123 -2.722 |
=299,375 1.8209 1.8615 1.28 ~2.164 E
* =34%5,231 2,1497 2.1738 08 -1.511
-399,186 2.466 2.4867 «55 =027
=449,282 2,7971 2.7992 «357 -.,276
=-493,91 3.1325 3.1113 =563 «678

=548.747 3.47383 3.,42354 ~1.258 1.376
-59¢,.644 3.,82%29% 3,73s82C =1.943 1.947
=548,7%5 J3.47121 3.42384 =1.276 1,395

~498,845 33,1342 3.112° =62 « 745
-448,995 2,7993 2.79G7 =16 .21
'399.977 2.4682 2.486 .472 -.71
=349,22% 2.1434 2.1736 «836 =-1.385
~299.,414 1.8235 1.3617 1.312 -2.24
-249,4%92 1.5087 1.549 1.274 =2.5C4
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493,833 ~3.1568 ~3.1383 «494 «5954
548,731 =3.494422 -3,45377 .16l 1.27
598,615 ~3.33134 =-3,76323 1.812 1.816
543,789 =3,49535 =-3.45113 1.176 1.286
488,331 =3,.,1581 -3.1383 527 «634
449,311 -2.8241 ~2.8262 -.256 ~-.374
599.675 -204945 -2.5l54 -.562 -.755
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299,329 -1.8512 ~-1,8806 =996 -1,997
249,439 =1.,5373 =1.,5761 -1,233 =2.,A485
199,491 =1.0273 ~1.2633 -.958 -2.9C
149,576 -.9213 =.9536 -.781 =3.131
99,7627 =.6175 ~+6336 =.563 =3.3¢86
49,2479 ~J3158 -.3259 =271 =3.264
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The data collected and evaluated produced the following information on
the 3 Superjet Angular Rate Sensors tested:

SUPERJET TEST DATA (Worst Case)

1. FullScale Rate at +2% Linearity 500 +100 deg/sec

2. Scale Factor .0062 +.0002 V/deg/sec
3. Null Bias (calculated) +2 deg/sec

4. Hysteresis +0.6 deg/sec

5. Threshold <0.1 deg/sec

6. Resolution <0.1 deg/sec

7. Readytime 80 milliseconds maximum
8. Drift +0.76 deg/sec/min

9. Null Offset (measured) +2 deg/sec
10. G-Sensitivity 1.68 deg/sec/g maximum
11. High Temperature Tested +1659F

12. Low Temperature Tested -30°F

13. Sensitivity to Jerk Negligible

14. Acoustic Sensitivity Negligible

15, Vibration Sensitivity +2 deg/sec at approx. 2,000 Hz

The low temperature environment -30°F changes the scale factor by -10%.
The reduction of the scale factor by 10% shifts the least squares fit
straight line out of the +2% linearity limits of the baseline performance,
(See Figure 3.4.2-1).

The Superjet rate sensor/electronic package needs to be better tempera-
ture compensated for the requirements of the Maximum Performance Escape System.

It is difficult to determine the impact of a (worst case) 1,68 deg/second/g
G-sensitivity effects of the Superjet, without a clearer definition of the MPES
requirements. A conceivable 10 g environment would generate a 10 degree/second
error.

Considering the results of this test program, it appears that the Superjet
angular rate sensor is a viable candidate for the Maximum Performance Escape
System. Additional testing should be performed to verify the unexpected high
G-sensitivity.
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Li5T OF TERMS

ACOUSTIC SENSITIVITY:

Acoustic Sensitivity is the effect of acoustic vibration on an operating

sensor (output change vs. frequency) and the shift in performance para-
meters after a known acoustic environment.

BIAS:

Bias is the null or zero offset evaluated as the output at zero input as
calculated using the method of least squares to input-output data obtained

by varying the input cyclically over the input span. This excludes outputs
due to hysteresis and acceleration.

DRIFT:

Drift is the change in output at a given rate over a specified period of
time (degrees/second/minute).

G-SENSITIVITY:

G-Sensitivity is the effect of acceleration on the output of the sensor.
(degrees/second/g)

HYSTERESIS:

Hysteresis is the difference between output signals for increasing and
decreasing inputs at that input for which the difference is maximum, measured
after cycling through the input span (degrees/second).

JERK:
The constant rate of change of acceleration.

NON-LINEARITY:

Non-linearity is a term which describes the systematic deviations from the
least squares straight line for input-output relationships which nominally
can be represented by a linear equation. In this case non-linearity is +2%
full scale.

NULL OFFSET:

Null offset is the sensor output when the input rate is zero, generally

expressed as an equivalent input rate. It excludes outputs due to hysteresis
and acceleration (degrees/second).

READYTIME:

Readytime is the time required for the sensor to measure 95% of its steady-
state output, at all rates, without any electronic warmup.
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RELIABILITY:

Reliability is the probability that a sensor will meet specified performance
requirements under specified environmental conditions throughout a specified
operating or storage life.

RESOLUTION:

Resolution is the largest value of the minimum change in input, for inputs
greater than the threshold, which produces a change in output equal to some
specified percentage (at least fifty percent) of the change in output
expected using the nominal scale factor (degrees/second).

SCALE FACTOR:

Scale factor is the ratio of change in output to a change in the input
intended to be measured. Scale factor is generally evaluated as the slope
or the straight line that can be fitted by the method of least squares to
input-output data obtained by varying the input cyclically over the input
span (volts/degree/second).

THRESHOLD :

Threshold is the largest absolute value of the minimum input that produces
an output equal to some specified percentage (at least fifty percent)
of the output expected using the nominal scale factor (degree/second).

VIBRATION SENSITIVITY:

Vibration sensitivity is the effect of vibration on an operating sensor
(output change vs. frequency) and the shift in performance parameters
after a known vibration environment.
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APPENDIX A

Introduction

This test procedure outlines the details and order of events to evaluate
the performance of Hamilton-Standard's "SUPERJET" Rate Sensor for application
to a Navy Air Development Center (NADC) Program. This procedure is in
accordance with "Test Plan, for Performance Verification Tests, on the SUPER-
JET Angular Rate Sensor, Contract No. DAAK40-79-D-0017, November, 1979",

prepared by Jerome C. Salmons. The test plan has been approved by NADC as
of January 11, 1980.

A. Baseline Test
A.1 Parameters to be measured are:

Input Voltage (Volts)

Input Current (Amps)

Full Scale Range at 2% Linearity (Degrees/Seconds)
Hysteresis (VDC)

Threshold (Degrees/Seconds)

Resolution (Degrees/Seconds)

Output Drift (Degrees/Seconds/Minutes)

Ready Time (Seconds)

Null Offset (VDC)

A.2 Test Setup

The baseline tests are conducted at 77°F +10°F and less than 90% relative
humidity.

The equipment used for baseline performance was:

Genisco 1100-2 Rate Table & Controller
BWC032580-001 Test Plate
BWC032580-002 Test Plate
8'"'X8"X8" Cube Test Fixture
Honeywell 1858 Visicorder
Hewlett Packard 9500A Test Set :

1 - HP 2116C Computer

2 - 50 Volt Power Supplies
100 Volt Programmable Power Supplies
40 Volt Power Supplies
Programmable Counter
Oscilloscope
Volt -~ Chmmeter
odular Switch Panel

2
5
1
1
1
M

A test schematic is shown in Figure A.2-1.
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1.

10.

11.

12.

13.

14.

15.

NADC 80081-60

A.3 Test Procedure

Install test plate BWC032580-001 to top of Genisco 1100-2 Rate Table.
Insure that "connector' stamped on plate is near connector located on
rate table.

Install test plate BWC032580-002 onto 8"X8"X8" cube test fixture.

Install Superjet sensor on test plate BWC032580-002 and install cube on
table so that sensor is located on the rate table centerline. (Input
axis parallel to rate table axis.)

Connect wires on rate table to sensor.

Load "scale factor" program in 9500A computer test set and turn on rate
table controller.

Engage Switch 1 on computer switch panel, (See Figure A.3-1).

If hysteresis measurement at each rate increment is desired, engage
Switch 14.

To abort test Switch 15 should be engaged.
Run program.

Check voltage and current requirements on printout. The values shall
be:

Voltage +15.0V +0.5V
=15.0V 0.5V
Current - Positive 85.0 +5.0 ma
Negative 11.0 #1.0 ma

Check temperature reading (if high or low temperature extremes) and null
offset.

Disengage Switch 1 on computer switchboard.

Insert maximum rate desired and rate increment, (degrees/second, example:
500, 50), into computer.

Make test run.
Obtain data printout. Check test summary:

‘Full Scale Rate

‘Scale Factor*

‘Bias*

‘Hysteresis, Negative Rates
‘Hysteresis, Positive Rates
‘Null Offset**




16.
17.
18.
19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

NADC 80081-60

*Determined by least squares fit.
**Added after first run of baseline test.

Note temperature, relative humidity, date, and barometric pressure.
Check percent of full scale linearity error to be less than +2%.
Rerun program at new maximum rate until linearity error exceeds +2%.
For this program rate incrememts have been set at 50 degrees/second.
Repeat Steps 1 thru 19 for other Rate Sensor units.

Load "Output Drift/Ready Time/Threshold/Resolution" program in the 9500A
Computer Test Set and turn on Rate Table Controller.

Connect the Honeywell 1858 Visicorder to the patch panel on the Hewlett
Packard 9500A Test Set. The remote drive on the Visicorder is connected
to D21 and D22 on the patch panel. Set time lines to .1 seconds and
chart speed to 8 in/second. Using a channel on the Visicorder with a
sensitivity of 500 millivolts per division, connect the signal line to
L27 on the patch panel. The computer is programmed to run recorder for
250 milliseconds, turn on the sensor and measure output for 750 milli-
seconds, for readytime measurements.

Run program.

When bells ring, set sensitivity on recorder to 100 mv/division for 100
degree/sec. rate. This must be done within two minutes after sounding
bell.

When bells ring, set sensitivity to 200 mv/division for 200 degree/
second rate - two minute wait.

When bells ring. set sensitivity to 500 mv/div. This will be setting
for 300, 400, and 500 degrees/second rates.
Data printout:

Output Drift
Null Offset

Repeat Steps 23 thru 27 for other units.
Engage switch 1 on computer switchboard and run program.
Set sensitivity of recorder to 5 MV full scale. It may be required to

use an external power generator to offset the null offset voltage of
any sensor.




31.

32.

33.

34.

35.

NADC 80081-60

Set recorder drive to manual and set at .8 in./sec. chart speed with
time lines at 10 second intervals.

Operate the rate table controller manually from zero degree/second to

1.0 degree/second in 0.1 degree/second increments. Allow each increment
to run 1 second minimum. (Threshold test, ref.).

Operate the rate table controller manually from 5.0 to 6.0 degrees/second
in 0.1 degrees/second increment. Allow each increment to run 1 second
minimum. (Resolution test, ref.).

Repeat Steps 30 thru 33 for other units.

Stop program.
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APPENDIX A - PART B
B. ACCELERATION SENSITIVITY
B.1 Parameters to be measured:

Output vs. Acceleration (in units of gravity g)
Null Offsets

B.2 Test Setup

The acceleration test was conducted at 77°F +10°F and less than 90%
relative humidity.

LEy

The equipment used for the acceleration test was:

BN !

Hewlett Packard 9500A Test Set

Genisco G1100-2 Rate Table and Controller
8'"'X8"C8" Test Cube

BWC032580-001 Test Plate

BWC032580-002 Test Plate i
BWC032580-003 Arm

BWC032580-004 Angle (used for acceleration of Z axis)
BWC032580-005 Plate (used for acceleration of X and Y axis)

e Sl s

PR PP

The test setup schematic is shown in Figure B.2-1, which is the baseline
test schematic. Axis orientation is shown in Figure B.2-1.

B.3 Test Procedure

The acceleration test was performed by the following steps: ]

1. Install test plate BWC032580-001 to top of Genisco 1100-2 rate table.
Insure that "connector" is stamped on plate near connector located
on rate table.

2, Install test plate BWC032580-002 into 8"X8"X8" cube test fixture.

3. Install Superjet sensor on test plate BWC032580-002 insuring that
sensor is located on the rate table centerline. ’

Mount cube test fixture as follows: ;

HOLE PATTERN USED ON

AXIS ACCELERATED BWC032580-001 TEST PLATE
X 1 'l
Y 1 ’ '
YA 3 (jet axis down)

Check to see that sensor centerline is on rate table centerline.
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4. Connect wires on rate table to sensor.

5. Load "scale factor' programin 9500A computer test set and turn on
rate table controller.

' 6. Disengage switch 1 on computer switchboard.

7. Engage switch 14.

W e Tl e e o ey g e

8. To abort test switch 15 should be engaged.

9. Run program.

RO

10. Input maximum rate of 500 degrees per second and 50 degrees per
second rate increment, 1i.e. 500, SO. &

P Eas

11. Test run.

12. Data printout.

e e Ml e

13. Note temperature, relative humidity, date, and barometric pressure.

14. Repeat steps 3 through 13 for each axis and unit, (should be 6 runs
for 3 units since X and Y axis runs are identical).

15. Remove test plates and test cube from rate table.

- 16. Attach BWC032580-003 arms to rate table.

17. Attach units to either BWC032580-004 angle or BWC032580-005 plate ]
depending on which axis is accelerated (make sure that both sides ;
are identical for maintaining proper rate table balance).

18. Connect electrical pigtail to one of the units.

19. Run program. 1

20. Input maximum rate of 500 degrees/second.

21, Test run.

22. Data printout.
23. Note temperature, relative humidity, date and barometric pressure. r
24. Repeat steps 17 through 23 for all configurations. ?

25. End of testing.
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APPENDIX A - PART C

C. TEMPERATURE SENSITIVITY

C.1 Parameters to be measured are:

Input Voltage

Input Current

Full Scale Range at +2% Linearity
Hysteresis

Threshold

Resolution

Output Drift

Readytime

Null Offset

C.2 Test Setup

The temperature sensitivity tests were conducted at -30°F +5°F and +165°F

+50F,

The equipment used for this test was:

Hewlett Packard 9500A Test Set

Genisco G1100-2 Rate Table and Controller
8"X8"X8" Test Cube

BWC032580-001 Test Plate

BWC032580-002 Test Plate

Martin Marietta Temperature Controller
Fenwal UUT 45J1 Thermistor

Martin Marietta Environmental Chamber (Portable)
Honeywell 1858 Visicorder

Liquid Nitrogen Bottle

Iron~constantine Thermocouple Wire

C.3 Test Procedure

This procedure may be used for both hot and cold temperature testing.
The only difference is the external setup. Figure C.3-1 shows the test
schematic for the high temperature testing. The cold temperature test
schematic is shown in Figure C.3-2. The test procedure for either hot or
cold environments is as follows:

Bring test unit to temperature and soak for 45 minutes.

Load "scale factor" program in 9500A computer test set and turn
on rate table controller.

Engage switch 1 on computer switchboard.
If hysteresis at each rate is desired, engage switch 14.

To abort test switch 15 should be engaged.

A-10
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6. Run program,

. 7. Check voltage and current requirements on print out. The values f
shall be: -
13
! » Voltage +15.0V +0.5V =
-15.0V +0.5V
Current - Positive 85.0 +5.0 ma g
Negative 11.0 +1.0 ma j
8. Check temperature reading and null offset.

9. If satisfied with temperature and null offset disengage switch 1
3 on computer switchboard.

10. Insert maximum rate desired and rate increment (degrees/second).
Example: 500, 50.

11. Run test.

12. Check data printout and test summary:

‘Full Scale Rate

- "Scale Factor*

‘Bias*

‘Hysteresis, Negative Rates
R ‘Hysteresis, Positive Rates

"Null Offset**

*Determined by least squares fit.
**Added after initial baseline test.

13. Note temperature, relative humidity, date, and barometric pressure.
14. Check percent of full scale linearity to be less than 2%.
15. Rerun program at new maximum rate until linearity error exceeds 2XZ.

16. For this program rate increments have been set at 50 degrees/second.

17. Load "output drift/readytime/threshold/resolution" program into the
9500A computer test set and turn on rate table controller.

18. Connect the Honeywell 1858 Visicorder to the patch panel on the

Hewlett Packard 9500A test set. The remote drive on the visicorder

. is connected to D21 and D22 on the patch panel . Set time lines to
.01 seconds and chart speed to 8 inches/second. Using a channel on
the visicorder with a sensitivity of 500 millivolts per division,
connect the signal line to D29 and the return line to L27 on the
patch panel. The remote drive 18 programmed to run recorder for
250 milliseconds, turn on the sensor and measure output for 750
milliseconds.




19,

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

3o.

31.

NADC 80081-60

Run program.

When bells ring, set sensitivity on recorder to 100 mv/division
for 100 deg/sec. This must be done within two minutes after
sounding bell.

When bells ring, set sensitivity to 200 mv/division for 200
degrees/second - two minute wait.

When bells ring, set sensitivity to 500 mv/division. This will be
setting for 300, 400, and 500 degrees/second rates.

Data Printouty
Output Drift
Null Offset

Engage Switch 1 on computer switchboard and run program.

Set sensitivity of recorder to 5Smv full scale. It wmay be required
to use an external power generator to offset the null offset
voltage of any sensor.

Set recorder drive to manual and set at .8 inches/second, chart
speed with time lines at 10 second intervals.

Operate the rate table controller manually from zero degree/second
to 1.0 degree/second in 0.1 degree/second increments. Allow each
increment to run 1 second minimum.

Operate the rate table controller manually from 5.0 to 6.0 degrees/
second in 0.1 degrees/second increment. Allow each increment to
run 1 second minimum.

Stop program.

Repeat Steps 1 thru 29 for other units.

For 165°F, connect heater wires and monitor thermistor until
resistance is 6750 OHMS +200 OHMS. Soak unit for 45 mintues.

For -30°F, connect liquid nitrogen hose to top of chamber and
monitor flow and dry nitrogen pressure until thermocouple wire
is -30°F iSoF. Soak for 45 minutes.

i S ——
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D. JERK SENSITIVITY

D.1 Parameters to be measured:

Output at Various Jerk Rates
Null Offset

D.2 Test Setup

The Jerk tests are to be conducted at 77°F +10°F and less than 90%

relative humidity. The following equipment is to be used:

Hewlett Packard 9500A Test Set

Genisco G1100-2 Rate Table and Controller
BWC 032580-003 Arm

BWC 032580-004 Angle

BWC 032580-005 Plate

BWC 032580-001 Test Plate

BWC 032580-002 Test Plate

8"X8'"X8" Test Cube

A test schematic is shown in Figure D.2-1.

D.3 Test Procedure

The jerk test was performed by the following steps:
Install test plate BWC 032580-001 to top of Gensico 1100-2 rate table.

Insure that "connector'" stamped on plate in near connector located on
rate table.

Install test plate BWC 032580-003 into 8"X8"X8'" cube test fixture.

Install Superjet sensor on test plate BWC 032580-002 insuring that sensor
is located on the rate table centerline.

Mount cube test fixture as follows:

HOLE PATTERN USED ON
AXIS ACCELERATED BWC 032580-002 TEST PLATE

1
1
3 (Jet Axis Down)

Check to see that sensor centerline 1s on rate table centerline.

Connect wires on rate table to sensor.

Load "jerk test" program in 9500A computer test set and turn on rate
table controller.

A~15
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C e T
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6. Disengage Switch 1 on computer switchboard. B

7. Engage Switch 14,
8. To abort test switch 15 should be engaged.
9. Run program.

10. Insert measurement rate of 250 or 500 degrees per second and direction
of rotation.

C i LA L

11. Run test.
12, Check data printout.
13. Note temperature, relative humidity, date and barometric pressure.

i 14. Repeat steps 3 through 13 for each axis and unit, (should be 6 runs for
: 3 units since X and Y axis runs are identical).

15. Remove test plates and test cube from rate table. r

16. Attach BWC 032580-003 arms to rate table.

17. Attach units to either BWC 032580-004 angle or BWC 032580-005 plate depending‘
on which axis is accelerated (make sure that both sides are identical for
maintaining proper rate table balance).

18. Connect electrical pigtails to one of the units. l

19. Run program.

20. Input measurement rate of 250 or 500 degrees/second.

21. Run test.

22. Check data printout.
23. Note temperature, relative humidity, date and barometric pressure.

24, Repeat steps 17 through 23 for all configurations.

A-16 ]
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E. ACOUSTIC SENSITIVITY

E.l1 Parameters to be measured:

Overall Decibel Level
Null Output

E.2 Test Setup

The acoustic test was conducted at 72°F and less than 90% relative

humidity. The equipment used was:

Martin Marietta Acoustic Chamber

Hewlett Packard Model 5451B Acoustic Analyzer
Honeywell 1858 Visicorder

Martin Marietta Control Box

Digitec 262C Multimeter

Philbrick Researches PR-300 Power Supply

A test schematic is shown in Figure E.2-1,

A test schematic describing the monitoring of each unit is shown in

Figure E.2-2.

E.3 Test Procedure

The acoustic test was performed by the following steps:
Install unit on beam support and position in acoustic chamber throat area.

Position three microphones surrounding the test article as described in
MIL-STD~810C method 515.2 paragraph 3.5.2.1.

Connect test unit to control box.
Connect +15V.D.C. and ~15 V.D.C. to control box.

Connect white wire on test unit to (+) signal on digital multimeter
(must be floating DMM, Ref 6V) and on visicorder.

Connect grey wire on test unit to common on DMM, and on visicorder.

Connect real time noise analyzer to recorder and set at 170 db full
scale.

Turn on DMM and set sensitivity to read millivolts.

Turn on recorder set at 0.8 inches/second chart speed and 10 second
time lines. .

A-18

- , C s e ek et e e
I PURRIETD S . SO W SNl A wadbilY ‘,_;t ~.’.r“"m,'.; PN e




10.

11,

12.

13.

NADC 80081-60

Turn on test unit by turning power switch to "warmup" on control
box. .

Apply acoustic environment of eight 10 second +8 second pulses

and achieve the maximum overall db level, but do not exceed 165 db.

End test.

Repeat steps 1 through 12 for other units.
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APPENDIX A - PART F

F. VIBRATION
F.l1 Parameters to be measured:

Most Severe Resonances (3)
Null Output !

F.2 Test Setup

The vibration test was conducted at 70°F and less than 90% relative
humidity. The test was perfermed in the environmental test laboratory
at Martin Marietta. The equipment used was:

C-60 Vibration Test Set :

10 - 3000 Hz capability j

Endevco Dynamometer Model 2702B ]

Accelerometer 2222B S/N FX15
(.3% sensitivity) |

Honeywell 1858 Visicorder

Martin Marietta Control Box

Digitec 262C Multimeter

Philbrick Researches PR-300 Power Supply .

The test setup is illustrated schematically by Figure F.2-1, and Figure E.2-2.

F.3 Test Procedure

Each test run was based on the following step-by-~step procedure:

1. Install unit on test fixture mounted on test cube located on the C-60
Vibration Test Set.

2. Annotate orientation.
3. Connect control accelerometer to monitor vibration input (3.0 or 5.2g rms).

4, Mount accelerometer 2222B on Superjet sensor in a manner to monitor the ’
output of the axis under vibration.

5. Connect control accelerometer to visicorder. Set sensitivity to 10 g/in.

6. Connect output accelerometer to visicorder to 10 g/in.

—

7. Connect unit to control box.
8. Connect +15.0VDC and -15.0VDC and common to control box.

9. Connect white wire on test unit to the (4) on digital multimeter (must be
floating DMM, Ref. 6V).

A-22
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20.

21.

22.

23.

24,

NADC 80081-60

Connect grey wire on test unit to common on DMM.
Connect white and grey wires to visicorder. Set sensitivity to 20 mv/in.

Connect frequency counter on C-60 test set to visicorder. Set sensitivity
to 5 v/in.

Set chart speed to 0.1 in/sec and timelines to 10 second intervals.
Start visicorder.
Turn on unit at control box (power switch to "warmup").

Apply resonance search at 3g rms from 10 to 3000 Hz over a period of 3.5
minutes.

Stop visicorder.

Select the three most severe resonances and annotate.
Start visicorder.

Dwell unit for 10 minutes at each selected resonance.
Stop visicorder.

Turn of f unit.

Repeat test for each orientation and other units.

Repeat baseline test per Part A.
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FOREWORD .

This document is prepared to fulfill the requirements of
paragraphs 3.2.1.5 and 3.2.1.6 of Statement of Work 60134-12
dated 7 August 1979 which describes the effort authorized

under Operations Directive No. 3-0017-00-375-15. This 0. D., ﬂ
issued 19 October 1979, implements contract number DAAK40-79- i
D-0017 with the Naval Air Development Center Aircraft and Crew 2
Systems Technology Directorate, Warminster, Pa., 18974, Under
the terms of the referenced contract Martin Marietta is to
evaluate the Hamilton-Standard SUPERJET angular rate sensor for

possible application in the Maximum Performance Escape System

(MPES) Program being conducted by the Naval Air Development Center .
(NADC). A major portion of the evaluation effort will involve

performance tests under various environmental conditions. This

document describes the test program to be conducted and gives

a time schedule for the accomplishment of major milestones.

i
:

B-2 i !




CONTENTS

Para. No.

e DDA d W W W W W N et e
e s e e . e e e e . e

O H W N = O H W N -

Title Page

Forward

Table of Contents

List of Tables and ITlustrations
Summary

Introduction

Purpose

Test Qbjectives
APPLICABLE DOCUMENTS
TEST APPROACH

Test Facilities

Test Equipment

Test Articles

Test Descriptions
TEST IMPLEMENTATION
Test Procedures
Failure Documentation
Data Requirements
Schedule and Milestones
Definitions

Appendix A
Typical Test Data Sheet

NADC 80081-60

Page

OG-80

15
15
15
16
17
19

20

Y P




P

o

)
&

NO.

1.

1.
2.

TABLES

Test Equipment

ILLUSTRATIONS

RRS Mounting Dimensions and Orientation

Rol1l Rate Sensor Test Schedule

NADC 80081-60

PAGE

12

18




NADC 80081-60

SUMMARY

This test plan document describes the scope of effort
to be expended in evaluating the performance of Hamilton-
Standard's SUPERJET roll rate sensor (RRS) for application
to a Navy Air Development Center (NADC) Program. The tests

to be conducted are described, the number of test units to

be employed is given and the test levels for each test are speci-
v fied. Test schedules and data formats for each test are pres-
ented. Measurements to be made are listed and test apparatus

to be used is specified.
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1. INTRODUCTION

1.1 Purpose
The SUPERJET is an angular rate sensor produced by the Hamilton
Standard Division of United Technologies, Inc. One version of this
device containing associated electronics for shaping and correcting
the output and providing switching and null bias functions is being
developed for use on the Copperhead projectile as a roll rate sensor.

In a previous study conducted by Martin Marietta Corp., Orlando,

Florida, the potential application of the SUPERJET to air crew ejection

systems was recognized. The final report of this study effort (OR 15646)

recommended further evaluation of the SUPERJET to better define its
potential for such application. The purpose of this test plan is to
describe the test activities involved in the evaluation effort and to
establish a time schedule for performing the test effort.

.2 Test Objectives

The major objectives of this test program are to demonstrate
feasibility of less than 2 deg/s bias error with 0.1s ready time
and linearity of 1 percent over the rate range of + 500 deg/s at
any temperature between -65° F and + 165° F.

Secondary objectives will be to determine the effects on sensor
output of high and low temperature, linear acceleration, rate of

change of acceleration, vibration and acoustic environments.

Where it can be determined that tests equivalent to those specified
herein have been conducted on other programs,the data from such

tests may be presented in lieu of duplicating those tests.
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2. APPLICABLE DOCUMENTS

2.1 Authorizing Documents

1. Contract

2. Statement of Work, NADC No.

3. Operations Directive, Martin Marietta No.

2.2 References
1. Martin Marietta Reports
Fluidic Gyro Development, August, 1979
2. Military Standards

Environmental Test Methods

3. Specifications, Martin Marietta

Roll Rate Sensor
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3.1
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3.2

3.3

NADC 80081-60
3. TEST APPROACH

Test Facilities

The test program described herein is Fo be conducted by various
laboratories of Martin Marietta Corp., Orlando, Florida. Room temp-
erature performance tests will be conducted on a rate table in the Fluidics Lab
Precision Inertial Laboratory. The Dynamics Lab and the Environmental
Test Lab will provide equipment for generating vibration and acoustic
environments and shall provide all necessary measurement and recording
equipment for these tests. Temperature chambers mounted on a rate table will
be used for creating the high and low temperature environments during rate tests. At
this time it is proposed to use thermostatically controlled electric
heaters for creating the high temperature environment. The low
temperature environment will be created by flowing gaseous nitrogen
from a liquid N2 supply through an insulated chamber o, the rate table.

Test Equipment

Test equipment necessary for conducting this test program is given
in Table 1.

Test Articles

The roll rate sensors tc be tested are identified as Hamilton
Standard P/N 9304100099. Serial number 0100196 and 0100142 are present-
1y available from a previous test program. Additional units of the same
part number will be obtained by transfer or consignment from the Copperhead
program, or purchased from Hamilton Standard should it prove impractical

to use Copperhead units.
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TABLE 1

Test Equipment !

Model No/
Part No. Description/Manufacturer Accuracy (%)

Power Supply +5v +1.00

Power Supply +11.5v +1.00 ¥
Power Supply +15.0v +1.00 %
Power Supply -15.0v +1.00 ;
HP3449 or Digital voltmeter-Hewlett Packard 0.25
. HP34658 High Impedence 0-100 mv range
- RRS Test Set

Acoustic chamber-Martin Marietta ----
Model MB Shaker
Model G-1100 Rate table-Genisco ———-
Rate table controller-
test set-Hewlett Packard P

Temperature control chamber
Martin ———-

Model 1054 Precision Centrifuge-
Martin-Genisco c——-

RIS SR PR T T T T WEVE R A e s DA VIS E T SU e A

1 Similar equipment having adequate performance char-

acteristics for the usage intended may be substituted. Test

data sheets shall note the actual equipment used.
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3.4 Test Descriptions

3.4.1 Base Line Performance Tests .

These tests shall be performed at room ambient conditions of 77°F

R e e

+ 10°F and less than 90% relative humidity. The unit under test (UUT)

shall be at a stable temperature prior to test. Unless otherwise implied

or specified, the following tests will be made while the sensor is motionless with

its base in contact with a horizontal support surface;

R B R ) i

1. Input voltage and current requirements will be measured at the power

supplies. r

2. Output drift - the sensor output change with time shall be determined

W ® G| gy

Br constant rate inputs.

3. Output scale factor - (volts/deg/sec) g
4. Full scale range for 2% linearity . f
5. Threshold E
6. Resolution . :
7. Hysteresis

oyt e

3.4.2 Ready Time §
A test for "ready time" shall be made by recording the output
characteristic of the sensor as the unit is activated. The recording
shall be measured to determine the steady state output level. "Ready
time" is the time required for the unit to respond to the activation .
signal and develop and output equal to 95 % of the steady state level. ",

14
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3.4.3 Acceleration Sensitivity Tests
3.4.3.1 Constant Acceleration
The unit will be oriented on a centrifuge and subjected to con-

. stant accelerations in each direction along each of the three mutually

perpendicular axes (reference Figurel). Various levels of acceleration
shall be applied up to a maximum of 30g9. The sensitivity of the sensor
output to the applied acceleration shall be determined.
3.4.3.2 Constant Jerk

The centrifuge will be programmed to produce linearly varying accel-

erations by linearly changing the rate of rotation. The rate of change

of acceleration shall be varied in increments from zero to 10a/sec.
The sensitivity of the sensor output to the applied rate of change of
acceleration (jerk) shall be determined. The acceleration vectors shall
be oriented in each direction along the three test axes shown in Figure .
. 3.4.4 Vvibration Tests

The sensitivity of the unit to vibration environments will be
evaluated by tests conducted in accordance with MIL -STD-810C procedures.
Vibration will be applied along the three axes defined in Figure 1.

A resonance search will be performed at a maximum level of 3g
from 10 to 5000 Hz in each axis. The three most severe resonances 1in

each axis will be selected. The unit will then be vibrated at each of

the three selected frequencies in each axis for 10 minutes. The test
level shall be 5.2g.

Null output shall be monitored during vibration.




NADC 80081-60

T

AN T, MR, W YR Spe i B p

PO ooy Y

o/“ - n,“
SMAacES MOUNTING
SURFACE

Figure 1 RRS Mounting Dimensions and Orientation

- o =

B-12




NADC 80081-60

3.4.5 Acoustic Sensitivity

The sensitivity of the RRS to high level acoustic environment
will be evaluated by tests conducted in general conformity to
MIL-STD-810C. The RRS will be suspended in an acoustic chamber
on elastic cords having a natural frequency less than 25 Hz.
Procedure 1 of MIL-STD-810C will be used as a guide. A category B
test will be conducted (150 db for 30 minutes) to evaluate the
effects of longer term acoustic environment on the RRS output.
Measurements of the RRS output will be made at intervals no greater
than 5 minutes during this test. A category D test will be conducted
for limited time periods. A minimum sound pressure level of 165 db
will be applied in "pulses" of approximately 1 second duration. The
sound pressure level will be brought up to the maximum level in the
minimum time period consistent with laboratory operating procedures
and equipment capabilities. Following the sound "pulse" the pressure
level will be allowed to decay in accordance with inherent equipment
characteristics. This short duration acoustic pulse will be applied
to the energized RRS a minimum of 8 times. The output will be con-

tinously recorded. Acoustic effects on the RRS output will be

determined by comparing the recorded null output during and following

the acoustic pulse to the output recorded just prior to application
of the acoustic environment. In addition, results of post-environment

performance tests will be compared to pre-environment performance

baseline tests.
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3.4.6 Temperature Sensitivity Tests
The baseline performance tests will be conducted at -65°F ¢ 5°F
and at +165°F + 5°F. The temperature chamber shall be stabilized at
the test temperature preceeding the testing. Data from these tests

shall be compared to room temperature test data to determine temperature

sensitivity.
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4.2
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4. TEST IMPLEMENTATION

Test Procedures

The major tests necessary in the conduct of this test program
are as follows:
1. Baseline performance tests.
High temperature test,.
Low temperature test.
Acceleration test.

Rate of acceleration (jerk) test.

(=41 (54] H w N
o L) . » .

Vibration test.

7. Acoustic sensitivity test.

A detailed test procedure shall be written giving the steps to
follow in conducting the above: tests. The procedure will define the
order of testing, when the RRS is to be operated, how and when the
environmental expoSure js to be applied, the parameters to be measured
and recorded, and the frequency or time of measurement. Baseline
Performance will be established prior to and following environmental
exposures.

Failure Documentation

In case of equipment failure appropriate entries as to schedule
impact and corrective action shall be made in the test logs by the

test program engtneer.

In case of failure of the Unit Under Test , @ full description

of the test conditions and nature of the failure will be given in the

test report. Failure analysis, failure testing and failure reports are

beyond the scope of this program.
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Data Requirements
4.3.1. Photographic Documentation

Photographs will be employed as necessary to supplement drawings, sketches,
and descriptive material in the test report, such that test set-ups may
be reconstructed or duplicated. Orientation of the test specimen during
environmental exposures is of particular interest and must be fully

documented.

4.3.2. Data Sheets

Data sheets similar to the example shown in Appendix A will be
prepared for use with each test procedure and shall contain as a min-
imum the following entries in addition to sections for recording observ-
ed performance data.

Name of Test

Place of Test

Part number & serial number of test article

Pertinent test equipment model/serial numbers

Date

Test conditions @ Start Finish

Time of day

Temperature

Baro. press

Humidity

Test Engineer(s) attesting signature
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4.3.3 Oscillograph Records

4.4

Oscillograph records shall be annotated to indicate trace
identification, scale factors, and time of events and shall be
identified with the entries Tisted in paragraph 4.3.2.

Schedule and Milestones

A schedule for conducting the tests described herein is shown in
Figure 2. It is planned that all testing shall be completed by
1 April 1980. Test data reduction, analysis, evaluation and present-
atfon and preparation of descriptive test results will be completed by
1 May 1980. Test results will be made available to NADC on or before
15 May 1980. The formal test report will be a part of the program

final report.
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5. DEFINITIONS

Scale Factor - slope of best fitting straight line to test data.

Linearity - the deviation of the output data from the best straight
line fit to the data and through the zero rate point.

Null Bias - output of rate sensor at zero rate input. Also termed
"offset".

Hysteresis - the difference in output at any raté when approached

in opposite directions.
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APPENDIX A
TYPICAL DATA SHEET
Test:
Run No.:
|
| Start Finish
: Date: Time:
: Laboratory: Temp:
Test Machine: Baro. Press:
Relative Humidity:
Test Article I. D. ‘
Name : Input: Voltage
Part No.: Current
Model No.: Power
Serial No.:
NOTES : |
; |
i DATA DATA ANALYSIS RESULTS
. Input Output
]
This test conducted in accordance with Scale Factor *
paragraph ___ of TPL and Null Bias
f paragraph of TPR except Hysteresis ¢
i as noted. Threshold
; Resolution
Test Engineer:
Signature
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APPENDIX C

A LEAST SQUARES FIT ALGORITHM
{ Scale factor, bias and linearity:

Z =B + Ax
E B=(Q - (A-S)/H9
{ A= ((H9*P) - (S-Q))/((HI-T) - (S+8))
H9 = (4 - (R1/R2))/2

Where:

A = Slope of Least Squares Fit Straight Line (volts/degrees/second)
B = Bias (Y -~ Intercept of Least Squares Fit Line (volts))
H9 = Number of Data Points

P = Sum of Inputs Times Outputs (volts/degrees/second)

Q = Sum of the Outputs (volts)

R} = Maximum Rate (degrees/second)

Ry = Rate Increment (degrees/second)

Sum of the Inputs (degrees/second)

Sum of the Inputs Squared (degrees/second)

Input (degrees/second)

Least Squares Fit Straight Line (volts)

NMX=aOn
nnu

Hysteresis: Maximum
t M=Y; -7,

Where:

M = Hysteresis (volts)
Y3 = Output Recorded Approaching Maxmimum Rate
Y, = Output Recorded Approaching Zero Rate

OUTPUT DRIFT ALGORITHM

60 100

D = SF, - SF
o Sl A

L
SFNOM

Where: SFH = Highest scale factor at rate

SFL = Lowest scale factor at rate

SF
: NOM
t = Time in seconds between high and low
scale factors

= Nominal baseline scale factor

g ey

Sy

g e e eV e g ety — ey -




